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Recent Artesian Experiments in India. By 
E. Vredenburg, A.R.C.S., Officiating Deputy Supers 
intendent^ Geological Survey of India. 

CHAPTER I. 

General Consideration. 

During the century which is now endings the question of a 
water-supply from artesian sources has from time to time attracted 
the attention both of the Government and of the public in India. In 
the year 1881 Mr. Medlicott summed up all the information avail- 
able up to that date in a Memoir which was published in the 
Records of the Government of India,^ and in those of the Geological 
Survey.* 

The principle of artesian wells is now so generally understood 
^ , and has been so often described that there is 

Origin of water-supply. 

no need to enter into any detailed discussion 

* Reports on Artesian Borings in India. Selections from the Records of the Government of 
IndU) Home, Revenue and Agricultural Department. No. CLXXVIII, Calcutta, 1881. 

Artesian Borings in India. Rec. Geol. Surv. Ind., Vol. XIV, pp. 205-238, 
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2 VREDENBURG: recent artesian experiments in INDIA. 

of the conditions essential to their occurrence. Briefly considered 
they depend upon the following phenomena. The water that is 
poured over the land in the shape of rain is disposed of in three 
ways : part of it is returned to the atmosphere by evaporation ; 
part of it runs over the surface to form rivers flowing towards 
the sea or towards some inland drainage basin ; while the remain- 
der sinks into the ground. It is from this subterranean source 
that artesian wells and also ordinary shallow wells derive their 
supply. 

That portion which soaks into the ground usually keeps the 
soil and rocks moist up to a certain distance from the surface. 
Beyond a certain depth, which varies locally according to the amount 
of rainfall and the nature of the rocks, this moisturj gives place to 
complete saturation. The water thus occupying the interstices of 
the rocks forms an underground reservoir, the amount stored away 
depending on the porosity of the rock. When the interstices take 
up a considerable proportion of the volume occupied by the rock, 
the amount of water that can be stored is proportionately great. 
The rock is then said to be “ porous ** or “ permeable/' while, if the 
opposite conditions prevail, the rock is more or less ** impermeable.'^ 
The degree of coarseness of texture is also to be considered, for if 
the interstices are very small, the retarding effects of frictioh and 
capillarity come into greater play, and in this way certain fine- 
grained rocks, such as clay, act as highly impermeable strata not- 
withstanding the fact that they can absorb a certain amount of water. 
On the other hand it may also happen that rocks of an impermeable 
texture may act as porous masses owing to their fissured or cavern- 
ous conditions. Sandstones and conglomerates constitute the most 
usual instances of porous formations. Some kinds of non-indurated 
calcareous rocks, such as chalk, are also fairly permeable. Clay is 
a well-known example of an impermeable medium, while the same is 
usually the case with crystalline sandstone or “quartzite/' crys- 
talline limestone, and the generalily of igneous and metamorphic 
( 2 ) 
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rocks, which can only act as permeable masses when they are excep- 
tionalfy fissured. 

These underground reservoirs formed by the water contained 
in porous rocks may be of two sorts. The 

Ground-water. 

upper surface of the underground reservoir may 
be in direct communication with the atmosphere through the pores 
of the superincumbent unsaturated rock. The reservoir is then said 
to consist of ‘Aground-water or “subsoil-water/* If a shaft be 
sunk so as to penetrate the soil deeper than the surface level of this 
underground reservoir, water will percolate and fill the cavity up to 
that level. These are ordinary percolation wells or surface wells. 

But the underground water is not always in direct communica- 
tion with the atmosphere immediately above it. 

Artesian conditions. ,,, , , , . . r i 

We know that the composition of that part 
of the earth nearest the surface, the ‘‘earth^s crust,” which is acces- 
sible to observation, is far from being homogeneous. The rock 
nearest the surface at one particular point may be of a highly im- 
permeable nature, and it may extend to a depth far greater than 
that of the normal level of permanent saturation. Supposing there 
be a porous layer beneath this impermeable one, it cannot, however 
higjily porous, receive water from the surface directly above it, 
because of the intervening stratum opposing itself to percolation 
from above. Yet, if this porous layer extends laterally to a greater 
distance than the overlying impermeable one, it must come into 
communication with the surface at some other more or less remote 
point. In this way it can obtain a supply of water, and if, at the 
place where it receives the supply, the permanent level of satura- 
tion stands at a higher altitude than the bottom of the impermeable 
rock that overlies it elsewhere, the porous layer may be enclosed 
by impermeable rocks in such a way that the water, at the place 
first considered, not only .exerts a pressure downwards but also- 
presses upwards on the lower surface of the bed above it. If a shaft 
be sunk at that place^ the water will rise to a point higher than 

( 3 ) 
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the one at which it was tapped, as soon as the impermeable layer 
is pierced ; and if there be a sufficient difference in the altitilties of 
the surface at the well and at the source of supply, or fountain-head, 
the water may rise higher than the level of permanent saturation 
of the neighbourhood of the well, and may even overflow at the 
surface. Only to such flowing wells is the name “ artesian applied 
Uncertainty of nomen- by certain authors, while according to others, 
ciature. name should be given to all wells in which 

water rises to a higher level than that at which it was tapped. It is 
this latter view which was eventually taken by Mr. Medlicott ; 

Partial artesian action is always possible when percolation along 
the planes of bedding is much more easy than across them, and this 
seems to be a general character of stratification independently^ of 
any visible impervious beds.*^^ The exclusion of all but flowing 
wells from the class of artesian wells is a somewhat artificial restric- 
tion. Two neighbouring wells may tap the same underground 
reservoir, and owing to a difference of a few feet in the altitude of 
the places at which they have been sunk, one of them may over- 
flow and not the other, although all the other conditions are just 
the same. Moreover, a non-flowdng well may, by means of pumping, 
prove of just as much practical utility as a flowing one, if the supply 
is abundant. A flowing W’cll, on the other hand, may be of very 
little use if it gives a small delivery for a given diameter of the 
bore : the Lucknow boring struck at a depth of 1,189 feet ^ sheet of 
water under sufficient pressure to overflow at the surface ; but the 
delivery w^ insignificant. 

The conditions of artesian reservoirs are very completely dis- 

Perfect and imperfect cussed in a treatise by Prof. Chamberlin pub- 
reservoirs. lished by the Geological Survey of the United 

States.* Artesian reservoirs were divided by him into ** perfect 

» Rec. Geol. Surv. Ind., Vol. XVI, p. 206. 

B ** The requisite and qualifyins; conditions of Artesian Wells, *’ by T. C. Chamberlia 
Fifth Annual Report of the United States Geological Survey, pp. 125-173, 
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reservoirs and ** imperfect reservoirs/^ In a '' perfect reservoir ** 
the water has no outlet at a lower level than the artificial onepro« 
vided by the well. In an “imperfect reservoir'' the water possesses 
a natural escape at a lower altitude than the well. Yet there may 
still be a tendency to rise owing to the resistance opposed by fric- 
tion along the underground channel leading to the natural outlet. 
Such a condition is represented in Mr. Medlicott’s experiments 
illustrated in the Report already referred to. The following diagram 
which has been several times reproduced from Daniell's Text-book 
of the Principles of Physics in works dealing with the present sub- 
ject, gives a better idea of the facts than any description 



Some of the artesian reservoirs that have given the most 
brilliant results are of the nature of “ imperfect reservoirs.” The 
Dakota sandstone, a cretaceous rock in North America, may be 
quoted as an example. 

In the report just referred to, Mr. Medlicott also pointed out 
that artesian conditions are generally very different from the ex- 
ceptionally favourable conditions that hold good in the typical 

( 5 ) 
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examples of the London or Paris basinSj which are termed basins 

of disturbance ” in contradistinction to basins 
Basins of disturbance , .... 

and of original deposi- of original deposition.” He brought to notice 

the fact that the structure favourable to artesian 
action might be caused either by subsequent tilting of strata that 
were' originally horizontal, or else that the same action might take 
place in undisturbed strata that have been deposited in an inclined 
position, as in the case of the strata occupying alluvial plains. 
Sedimentary rocks may be, for the purposes of the present case, 
divided into two principal sections: there are, first, those ancient 
rocks which form such a large proportion of the earth's crust, and 
which geologists usually classify as palaeozoic, mesozoic {secondary) 
and tertiary. These consist of alternating strata of varying tl^.ck- 
ncss, often remarkable for the small amount of variation which they 
exhibit over considerable areas. They have usually been deposited 
upon the floor of the sea at some distance from the coast, and their 
distribution by marine agency has resulted in their great constancy 
over wide areas. Owing to changes in the relative level of land 
and sea, or to a bending or corrugation of the originally flat surface, 
these strata have now come to constitute dry land and may even 
rise into high mountains. It is the inclined position thus assumed 
which often allows the formation of more or less water-tight reser- 
voirs. The other class of strata are those that have been called 
diluvial, quarternary, pleistocene, or post* tertiary, the two latter 
terms being more commonly in use. They are newer than the 
strata of the first category, and consequently they rest upon them 
when both exist together in the same region. They merge insen- 
sibly into the alluvial deposits whose formation continues over the 
land at the present day. Like these recent deposits, they are 
generally land formations Instead of being of marine origin as in 
the case of the majority of the older strata grouped in the first 
category. They often occupy a considerable horizontal surface, 
but they never attain the enormous thickness frequently exhibited 
( 6 ) 
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by marine strata, and they further differ from them by having a 
well-marked original slope of deposition. Their composition varies 
^ great deal from place to place, and the irregularity thus produced 
may be favourable to the production of artesian conditions. Vol- 
canic formations accumulated on land are comparable to these 
alluvial formations in their consisting also of strata of varying per- 
meability deposited in an inclined position. As to the floor of 
igneous and metamorphic rocks which carries the strata of either 

Rocks unsuited to category, it is practically impermeable. Occa- 

artesian conditions. sionally it has been known to yield a somewhat 

abundant supply of water through Assures, but such occurrences are 
so rare and so undependable that they cannot be taken into account 
in any practical scheme. 

In regions of great disturbance, sedimentary strata may be so 
much compressed that they become impermeable to the same extent 
as these igneous and metamorphic rocks. But apart from such 
cases, all the sediments whose relative age can be determined 
by means of fossils, from the oldest Cambrian to the newest 
tertiary, have yielded artesian flows under favourable conditions. 
On account of the great regularity of the strata composing them, 
artesian reservoirs formed by the tilting of these ancient marine 
sediments, basins of disturbance'^ in fact, lend themselves to 
systematic investigation in such a manner that in many cases it has 
been possible to foretell with a fair degree of certainty the prospects 
of a water-supply at* any particular point. But with undisturbed 
alluvial deposits that are still in the same position in which they 
were originally laid down, we have no means of studying the con- 
cealed strata except by artificial excavations, and it is always difficult 
to give a decisive opinion. Wells sunk in such a formation are 
always more or less of an experimental nature. 

In strata belonging to this category, it is sometimes difficult to 
decide whether a well is really or not of artesian nature. The re- 
striction of the name to flowing wells is not a satisfactory one since 

( 7 ) 
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it has the disadvantage of leaving outside of any well-defined cate* 
gory all those non-flowing wells which nevertheless are not ordinary 
percolation wells, but which derive their supply from an under-< 
ground reservoir of water under pressure. At the same time, 
adopting Mr. Mediicott's definition of artesian action as the tendency 
of water to percolate more easily along the planes of stratification 
than across them, the separation from an ordinary percolation well 
is, especially for practical purposes, not always very distinct. The, 

“Spnng-weiis»ofthe “ «P”ng wclls of the Gangetic alluvium, and 
Gangetic alluvium. ^ery similar ones in Guj^rdt, are in- 

stances of this. The alluvium of these regions contains thick beds 
of impervious clay known as ‘‘mota'* in the North-West Provinces. 
These beds may occur at a depth coinciding with the le<^el of 
permanent saturation, or else ten, twenty feet or more beneath it. 
When such a clay-bed occurs at an accessible depth at some locality 
where a well is needed, the well is first sunk up to the surface of 
this clay-bed. A narrow shaft is then excavated into the clay, and 
when the clay-bed is pierced, water charged with sand rushes up- 
wards with such violence that the workmen may have barely time 
to escape. Captain Clibborn has given a most interesting account of 
such wells in a treatise on well-irrigation in the Gangetic plain, 
in which their peculiar action is fully explained.^ Briefly stated, it 
is thus. The stratum of indurated clay that supports the well may 
not, and in most cases does not, extend laterally to any great dis- 
tance. As therefore the water below the clay-bed is in free com- 
munication round the edges of this impervious stratum with that 
above it, the pressure underneath the clay stratum depends merely 
on its depth below the level of saturation of the ground directly 
above it. When the well is sunk as far as the clay-bed, the water 
from the saturated permeable sands above the clay is prevented by 
the masonry from percolating into the shaft. What may have 

> Report on Wdl-irrigation in the North-Wcftern Provinces and Oudh, by Captain 
CUbborn. B.S.C. Roorkee, 1883. 
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collected is baled out in order that the work of sinking the smaller 
tube through the clay may be proceeded with. As soon as this 
•reaches the base of the clay, the water which was under hydrostatic 
pressure proportional to its depth beneath the level of saturation, 
gushes into the well which it fills up to that level. At first the water 
which flows into the well is charged with sand, and thus a cavity 
is formed in the sandy stratum beneath the lower orifice of the pipe 
,that traverses the clay-bed. This cavity gets enlarged until the 
area of its internal surface becomes sufficient to allow water to 
percolate at such a rate as will replenish the well while in use, 
without the rate of flow being sufficient to disturb the sand, as the 
percolation is distributed over a sufficiently large area. If the bed 
of indurated clay is sufficiently thick it will support the weight of 
the masonry above this cavity without yielding. This explanation, 
the credit of which is given by Captain Clibborn to Mr. J, S. 
Beresford, accounts fully for the facts observed, and Captain Clibborn 
denies that there is anything at all of the nature of artesian action. 
Yet, as pointed out by Mr. Medlicott in a review of Captain Clibborn's 
Memoir,^ the explanation, though fully satisfactory, is not incom- 
patible with artesian action, so long as this is described as that of 
water with a greater tendency to flow along the planes of bedding 
than in a direction at right angles. Yet, it must be admitted that 
they differ but very little from an ordinary percolation well, their 
typical feature consisting in the fact that advantage is taken of cer- 
tain natural conditions to obtain a well of moderate diameter in a 
permeable medium of very loose material without endangering the 
stability of the masonry and without any risk of silting. As pointed 
out by Captain Clibborn, an ordinary percolation well may be sunk 
in any sand however coarse and unconsolidated, if only its diameter 
be made large enough. He has also shown that where the clay 
strata do not exist, they could, leaving aside the question of expen- 
diture, be replaced artificially by building the well upon a platform 

* Rec. Geol. Surv. Ind^ Vol. XVI, pp, 205-309. 
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of concrete placed at some distance below the level of saturation 
of the ground. 

It is certain that these ‘‘spring wells" hardly answer to the' 
popular idea of an artesian well, and naturally they would not be 
regarded as belonging to that category by those authors who 
restrict the use of the term to flowing w’ells. It may be suggested, 
that if the fact that a well is a flowing one be taken as’ essential to 
artesian conditions, a further restriction must be made so as to« 
apply the name only to such flowing wells as are fed by a deep 
reservoir of water under considerable pressure. This restriction is 
necessary so as to exclude a certain class of wells which yield a 
copious flow, although not possessing any of the characters of an 
artesian well. Such are certain percolation wells so situatecT with 
respect to the topography of their neighbourhood, that, by means 
of a shallow artificial channel, the water w'hich they collect can be 
discharged by gravitation alone. As an instance may be quoted 
the wells which supply water to the town of Rawalpindi. They 

Water-supply of derive their Supply by percolation from some 
Rawalpindi. coarse alluvial gravels which occupy a longi- 

tudinal valley bordered by rocky ridges. This valley is situated at 
the foot of the hills, but at a greater altitude than the town, to which 
the supply of the wells is carried by gravitation alone. The wells 
which supply the city of Karachi, sunk in the gravels of a broad 
river-bed that never contains any water flowing at the surface, 
except in times of exceptional flood, are essentially of the same 
nature. 

Here, then, we have percolation wdth an abundant flow, while 
the “spring-wells'^ of the Gangetic alluvium might be taken as 
examples of artesian action without overflow. In fact, the difficulty 
which is often experienced as to whether a certain well should be 
classed as artesian or not, has led certain writers to discard the 
term entirely. This is perhaps a somewhat extreme view, for 
although the category cannot be defined within absolutely strict 

( 10 ) 
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yet the term is useful. It is an instance of the difBculties 
that are always experienced in making scientific classifications.: 
tltey must always be more or less artificial, and however elaborate 
they can never be in complete harmony with the infinite variety of 
nature. 

From the foregoing remarks, it follows that the “ spring wells 
just described, differ from the typical examples in London and Paris 
with regard to the situation of the well, relatively to the intake area 
of its water-supply. Since the clay bands which form their charac- 
teristic feature are of very limited extent, it follows that the water 
which they contain is, properly speaking, only ‘Aground-water,'* 
derived from the same source as the water of ordinary percolation 
wells, that is, from purely local rainfall. These wells illustrate 
examples of local artesian action within a reservoir of water which 
can scarcely be called an artesian reservoir. But in the case of 
artesian wells like those of Paris, the porous stratum forming the 
natural reservoir froin which they derive their supply has no com- 
munication with the surface except at its outcrop many miles away. 

A very important result of this structure is that the supply of the 

Special characteristics Well is independent of local rainfall. 

a[ies'lL*»J’rc«?'^‘***'’ greater altitude, the collecting 

area is usually favoured with a more abundant 
rainfall than the locality at which the wells are situated. If it is 
sufficient to cause a constant overflow from the outcrop of the watet- 
bearing stratum, the bead of water will naturally be constant, as 
the artificial wells usually abstract but a small portion of the water 
furnished to the water-bearing stratum over the entire extent of 
its outcrop. Moreover, a fall of the water-level at the fountain head 
will not cause a corresponding loss of effective head in the. well, for, 
owing to the retardation caused by friction, the rise of water in the 
well is but a fraction of what it would be otherwise. Any alteration 
in the level of the fountain head can only affect the outflow at the 
well in the same diminished proportion. 


( ” ) 
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These well-known features of artesian action are here alluded 
advanta^ of because it is important to keep sight of them 
tesian sourcMi. in discussing the capabilities of artesian wclli. 
As already pointed out| the fact of their flowing at the surface or 
not is not of much importance, their usefulness, from a practical point 
of view, depending on an abundant and constant delivery. When the 
water is needed to supply a town for drinking purposes, it has this 
further advantage that it is free from any germs of disease. It is not, 
however, its applicability to domestic purposes that usually attracts 
public attention to artesian resources, but people have generally 
been struck by the achievements obtained in some countries where 
they have supplied the needs of irrigation. In this respect, one 
is apt to form an exaggerated notion of their capabiliti^. The 
imagination is easily struck by such facts as the phenomenal 
outflow of some of the North American wells, or by the creation 
of artificial oases in the midst of the Sahara. But it is necessary 
to keep in mind how very local these effects must remain, even at 
their best, and the notion, sometimes entertained, that the sinking 
of artesian wells would in the slightest degree afford relief during 
Indian famines should at once be dispelled. 


Special 
deep a 


It is principally in deserts that the use which it is possible to 

Eflicienry of vtesian artesian water is seen to its best 

reMMircee in deserte. advantage. In a desert, no cultivation can be 

undertaken that depends merely upon rainfall, because the annual 
precipitation is insignificant and precarious. Cultivation can only 
be practised when that scanty rainfall, concentrated and stored by 
natural or artificial means, is applied to irrigation. River systems 
may collect from a large area so much of the rainfall as escapes 
evaporation, and some of their stream-beds may thus carry a peren- 
nial stream. When this reaches the plains, the water may be 
diverted into artificial channels and devoted to irrigation. The 
area thus cultivated is very small compared to that over which the 
rain has fallen, but it is the application to a limited area of a large 
( 12 ) 
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proportion of the available rainfall| which renders possible agricul- 
tural operations which would be out of the question if attempted 
G^er the entire surface of the collecting area. As already pointed 
out, the rain water that escapes evaporation, partly flows along the 
surface, and partly sinks into the ground. It is this latter portion 
which in some instances becomes available in the shape of artesian 
water. Some of the recent alluvial formations peculiar to desert 
areas are particularly suited to the production of artesian conditions. 
Of late years, complete success has been achieved in the case of 
artesian wells sunk through such formations at Quetta, but these 
same reservoirs have been drawn upon since time immemorial by 
means of the underground channels so well known as ^^karez’' 
in Baluchistan, and kanat ” in Persia, a feature which is forcibly 
brought to the attention of any one travelling in those regions, 
which would be otherwise uninhabitable. The water which supplies 
the underground reservoirs represents but a fraction of the amount 
of water that percolates into the ground, this amount itself being 
but a fraction of an already scanty rainfall ; but compared with the 
supply from rivers, it has the advantage of being much less subject 
to variations. Such are then the capabilities and the limitations 
of artesian water in a desert : its yield may be locally abundant 
and constant enough to allow of successful irrigation, but this yield 
is derived from a source so scanty that under the most favourable 
circumstances, the area cultivated sinks into complete insignificance 
compared with the immensity of the surrounding desert. One of 
the artesian districts that have most attracted the attention of the 
world is that of the Oued Voir and neighbouring oases in the 
Algerian Sahara. According to some statistics collected in a pub- 
lication issued in connection with the Paris exhibition of 1889,^ the 
total yield of the wells was then 8,475 cubic feet, or 63,400 gallons per 
minute. The area under cultivation was not more than 4,000 acres, 
that is a few thousand acres amongst many thousand square miles 

Soci^ Agricole et Industrielle de Batoa et du Sud Algdrien. 

( 13 ) 
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of desert. Viewed in this mannerj the result must appear very 
small^ yet it is here that the capabilties of artesian water are seen 
to their best advantage, since they render cultivation possible in ^ a 
land which must remain otherwise absolutely unculturable. 

With all other conditions remaining the same, there is no doubt 
that as the rainfall increases the amount available from artesian 
sources might be increased in about the same proportion. But the 
same proposition would not hold good with respect to the amount ^f 
land cultivated : with an annual rainfall of about five inches, desertic 
conditions must prevail, and if there is no river, the country must 
remain without cultivation except perhaps for a few small areas 
under irrigation from natural underground reservoirs scattered at 
intervals^ just as in Baluchistan or in the Sahara. If we nlnv turn 
Inefficiency of artesian OUT attention to other countries where the 

resources for irn^ioo , • r ti • • . • , 

in humid regions. mean annual ramtall is thirty inches instead 

of five, the amount of water stored in underground reservoirs will 
also increase in the same proportion so long as their capacity is 
such that they do not overflow. But it is not so with the area 
cultivated; instead of the few acres of cultivated land being increased 
in the proportion of five to thirty, we are now dealing with countries 
where one-half, three-quarters, or more perhaps of the land is 
under cultivation. For, with increased humidity, agriculture no 
longer depends on purely local and exceptional conditions of stor- 
age and distribution, but the rainfall over any part of the area is 
sufficient to supply the local needs, making irrigation superfluous. 
In places where the rainfall is so abundant as to be sufficient even 
in years of minimum rainfall, artesian wells cease to be of any value 
as a means of irrigation. But there are some regions where, 
although the rainfall is generally sufficient, yet its amount is just 
on the limit of what is needed, and consequently, in years of mini- 
mum rainfall, the amount is below the requirements of the land« 
Hence, although irrigation is superfluous in ordinary seasons, some 
form of storage of water is necessary in order to save the country 
( «4 ) 
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from ruin during the exceptionally dry years which must occur at 
intervalli^ — intervals which are irregular so far as has yet been pb- 
^served. These conditions prevail over very large areas in India, 
and wherever sufficient provision has not been made to suit the 
requirements of the case, it is inevitable that ruination should visit 
them at intervals in the shape of the terrible calamities too well 
known in India during famine years. The situation of the regions 
thus precariously situated can be recognised by examining any map 
\hat indicates the distribution of the rainfall, such as the beautiful 
maps published in the Statistical Atlas of India.^ It is probably 
in those regions where the average amount of annual rainfall is 
Of‘tween twenty and forty inches that the situation is most precarious. 
The regions most critically stuated are, — first, the countries nearest 
the Indian Desert, that is portions of the Punjab, of Rajputana, of the 
North-West Provinces, and of Gujdrdt; secondly, large districts 
in Central India and in the Central Provinces together with part of 
the Deccan east of the Western Ghats, forming a considerable 
proportion of the Bombay and Madras Presidencies, and of the 
States of Hyderabad and Mysore. It is only with respect to these 
critically placed districts that the question of a possible supply from 
artesian sources for irrigation purposes is of any vital interest. As 
already pointed out, the desert areas are safe from severe famine, 
because the portion which is cultivated depends on perennial supplies 
of water independent of annual variations in local rainfall,'— whether 
this supply be the mighty stream of some great river like that of 
the Indus, which spreads over Lower Sind the rain and melted snow 
of an immense catchment area in the Himalayas, or whether it be 
the small but constant supply of a karez.*' The more humid tracts 
where the rainfall is more than sufficient are equally out of question 
in the present enquiry. But in those vast regions where the rain- 
fall is usually only just sufficient to supply the needs of agriculture, 
and where recourse must be had to some means of storage so as to 

* Statistical Atlai of India, Second Edition. Calcutta, 1893. 
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tide over years of deficient rainfalli the question has been asked 
whether the water needed <is not already stored in natural^ artesian 
reservoirs. It has already been pointed out how small is theare^ 
irrigable from artesian sources in the deserts of Algeria and Baluchis” 
tan, and it has been further argued that the water available from 
that source could only increase at a rate comparable with an in- 
crease of rainfall, and not comparable with the concomitant increase 
of culturable ground. Therefore if there occurs any failure of the 
rainfall in a country where rainfall is depended upon for cultivation, 
the portion where this deficiency could be remedied by means of 
artesian water would be insignificant. Another argument may yet 
present itself ; where artesian water is regularly put to contribution 
for irrigation purposes, the amount which is used annually mist be 
kept within the limits of the average annual supply to the artesian 
reservoir. If, on the other hand, the supply is to be drawn upon 
only at intervals of several years, it might be asked whether it is not 
possible that an artesian reservoir could exist whose structure is such 
that it holds in store the supply of a number of years. This might 
be drawn upon only in times of need, allowing the reservoir to be 
replenished during intervening years favoured with a better rainfall. 
In answer to this argument, it may first be pointed out that although 
such natural conditions for the reservoir are possible , and ifi fact 
do exist to a certain degree in some rare instances,^ they are not 
common, for they require the coincidence of quite a number of 
favourable circumstances, such as an unusually large intake area, 
a stratum unusually porous and unusually thick, and also an 


> Major Powell attributes partly to this cause the diminution of flow which has been ob- 
served in some of the American wells since the time when they were first sunk ; " it may 

happen that the stratum has capacity for the transmission of more water than is delivered to it. 
If the Utter relations exist in the case of a perfect or nearly perfect reservoir, and that 
reservoir U tapped by numerous artesian wells, the initial discharge of water from the wells 
is greater than the permanent discharge. The wells in such a case draw upon a body of water 
which may have required years for its accumulation, and their conditions of permanent flow 
are not reached until this accumuUtion has been exhausted.” Eleventh Annual Report of the 
Director of the United States Geological Survey, Part 11 , ft 262. 
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unusually regular structure, so that the bed should be available at a 
reasonable depth over a large area of the country. Under the best 
conditions possible, the intake area must be limited to the outcrop 
of the permeable stratum, and this must always be very small com- 
pared with the surface of country underlaid by the artesian reservoir, 
so that even if exceptional conditions of storage allowed the supply 
of several years to be expended in one season, the amount thus 
made available would still remain very small compared with the needs 
of the large area where irrigation is required. Besides^ although the 
amount of artesian water available in India has scarcely received a 
fair test, yet it may be confidently affirmed that nowhere do such ex- 
ceptional conditions occur as those outlined above. In the districts 
liable to famine in particular, there is not the slightest indication of 
anything of the sort. If we look to other countries for information, 
there is none perhaps from which such useful lessons can be derived 
as from the United States of North America. In no other region of 
the globe are artesian conditions developed in such a favourable 
manner, and nowhere perhaps have they been developed so system- 
atically. From the oldest Cambrian up to those glacial deposits 
which, in a geological sense, were deposited only yesterday, every 
system of strata has yielded artesian water in abundance. The 
capabilities of these resources with respect to irrigation have been 

Examples from North investigated, for, just like India. 

America. North America includes large portions in which 

the rainfall is insufficient or only just sufficient to provide for the 
needs of agriculturists. Major J. W. Powell, the late Director of 
the United States Geological Survey, in his “ Statement before the 
Committee on Irrigation of the House of Representatives,’' in 1890 
has fully examined all the aspects of the question. His report^ 
the outcome of many years of studies specially devoted to these 
matters, deals with the question of irrigation considered from a 
theoretical, practical, and legislative point of view.^ In this w'ork 

^ "The Arid Lands.’* Eleventh Annual Report of the Diicctor of the United States Ge<^ 
logical Survey. Part II, Irrigation, pp. 2oj'289. 
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Major Powell pronounces himself most unhesitatingly on the sub- 
ject of the limited capabilities of artesian supplies, even wfth respect 
to such exceptional artesian reservoirs as those underlying the 
Great Plains, particularly the “ Dakota sandstone,” a rock of creta- 
ceous age, whose permeability, regularity of stratigraphical struc- 
ture, favourably situated outcrop, and immense extension make it 
probably difficult to match elsewhere* If such an exceptionally 
situated reservoir can only warrant very limited expectations, it 
would be unwise to build any hopes upon the Indian artesian reser- 
voirs which can only be comparatively unimportant, and whose very 
existence is in many cases a matter of serious doubt. Evidently 
it is not to them that we must look for the serious problem of 
making up for the deficiency of water in years of minimw rainfall 
in the regions at present considered. This problem is all the more 
important because, if the calamity which overtakes those regions* in 
years of drought could be avoided or at least considerably mitigated, 
their fertility in ordinary years is so great that they would be 
amongst the richest, if not actually the richest, provinces in India. 
With adequate means of providing irrigation during unfavourable 
seasons, even if only just enough to save the farmers and their 
stock from actual disaster, these regions where the rainfall is only 
just sufficient W'ould be amongst the best situated from an Agricul- 
tural point of view. To quote Major Powell’s words, in the work 
just referred to : “Whenever in any district of country, there is 
just sufficient rainfall and no more, that is the best condition for 
that agriculture which is dependent upon rainfall. Any increase 
above that is injurious What then becomes necessary is to sup- 

ply additional water in seasons of drought, so there may not be a 
time when disaster comes to the farmer. To furnish the water 
necessary for these disastrous years, we have to furnish a smaller 
amount than in other [i>., drier] regions of country. 

Something can be obtained from artesian wells, but not 

a very great amount They have been bored at different places 
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111 tlie world and used for irrigation whenever they could bcj used^ 
und it bears out the statement I make that the supply from artesian 
sources is always limited, is always very small, and that no great 
area can be irrigated thereby. If all the artesian wells in the world 
that are used for irrigation were assembled in one county of 
Dakota they would not irrigate that county.^ ** 

Since, therefore, the supply from artesian reservoirs is at best 
local and inadequate, we must look to some different source to pro- 
vide a storage of water that will apply to the whole area concerned. 
This store generally exists without going to such inconveniently 
great depths as is often the case with artesian water : it is the 
. . reservoir formed by ^^ground-water, or ‘‘sub- 

Irrigation from shallow 

wells. soil-water ** all over the surface of the land. All 

over India this resource is made available through innumerable shal- 
low wells. As pointed out in a previous paragraph, it is somewhat 
a matter of personal taste whether some of these wells should be 
called ** artesian or not, but they are to all practical purposes shal- 
low percolation wells, and the reservoir from which they draw their 
supply could not properly be called artesian, however much the 
name might be applicable to individual wells. According to experts 
there is not much room for improvement either in the mode of 
construction or in the economical working of shallow wells as prac- 
tised in India. But the system could be considerably developed, 
more perhaps by private enterprise than by the agency of Govern- 
ment, and it is, I believe, a well recognised principle that the farm- 
ers should be given every encouragement to construct new wells. 
Years of minimum rainfall ought to be particularly suited to this 
work, as it is easy to sink the wells to a good depth below the 
average level of saturation of the ground.' A great deal was accom- 
plished in this line during the last abnormally dry season of I P99- 
1900: a great many new wells have been sunk, and many old ones 
deepened. 


‘ loc, CU; pr. 259-260. 
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There are many places topographically so situated that wells 
provide the only available means of irrigation. 

Irrigation from canals, whcrcvcr feasible, irrigation from artificial 

canals deriving their supply from the perennial flow of natural 
river channels, or from artificial reservoirs will enhance the value 
of the land considerably more than irrigation from wells can do. 
This method, however, does not come under the scope of private 
enterprise, but can only be accomplished as an outcome of well- 
matured schemes of such vast proportions as can only be dealt 
with by Government. In this line India has nothing to learn from 
other countries, and her canals and her tanks” have long com- 
manded the admiration of the engineering world, ranking as nStedels 
to be imitated wherever similar works are undertaken. It is, no 


doubt, to the extension of this system of irrigation from canals and 
to its thoroughly systematic application that we must look forward 
to the development of the agricultural possibilities of the country 
to their utmost degree of efficiency, and for the complete disappear- 
ance of those dire calamities which must keep recurring at fated 
intervals, so long as India is not adequately provided for against the 
difficulties caused by occasional periods of deficient rainfall. If 
artesian reservoirs were of any great utility in averting these dis- 
asters, it would reem strange indeed that their resources should have 
been neglected by a body of men of such ability as are found in the 
Irrigation branch of the Public Works Department. The expla- 
nation of that apparent neglect is, that such a resource does not 
really exist. Much has been done already in the way of reservoir 
and canal construction in districts liable to occasional drought. 
There remains certainly plenty to be done, for these works have 
not been developed to the same extent as in regions of permanently 
deficient rainfall where they are much more remunerative owing to 
their being constantly needed. The canals that are built in districts 
where the rainfall is amply sufficient in all but years of minimum 
rainfall do not seem at first sight to be remunerative, since they are 
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merely of the nature of protective works, and will probably often 
remain idle during periods of several years. Yet, the additional 
value which increased security against disaster confers upon the 
land must in the long run amply repay the capital expended on such 
undertakings. Of course, the work must eventually be carried out on 
a gigantic scale, and is one that even the wealthiest Government can- 
not perform in one day ; but since the ultimate source upon which all 
agriculture depends is the rainfall, the most economical distribution 
of that rainfall must eventually become the means of obtaining the 
most remunerative condition of agriculture. All that has been done 
so far in India, has been along those lines, and when the work is 
completed, India will find herself able to provide amply for a much 
more numerous population than she supports at present, without 
any risk of periodical starvation, and without having recourse to 
such desperate palliatives as emigration and other extreme measures 
which have to be resorted to as a remedy for the evil as it exists at 
present. As to artesian irrigation which is every now and then 
advocated as a remedy by well-meaning persons, I have endeavoured 
to show that by following the question to its ultimate conclu- 
sions, we find that they must have been deluded by the deceptive 
appearance of exceptional occurrences, and it is well to be guarded 
against such proposals, and not waste upon a matter, which is only 
of secondary importance, energies that can find better employment 
elsewhere. 

The foregoing remarks apply only to those areas where in all 
but exceptional years the rainfall is sufficient for agricultural pur- 
poses. In more arid regions, agriculture depending on local rainfall 
alone becomes so precarious that it is not attempted. Cultivation 
is only undertaken where rendered possible by irrigation, and such 
regions do not undergo the risk of severe famine. Artesian 
reservoirs are of course locally of the greatest utility wherever they 
can provide the necessary means of irrigation ; but those regions do 
not present problems of such urgent character and vital importance 
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as the provinces where occasional failure of rain can bring about 
appalling disasters. To a still greater extent is this the case with 
actual deserts, where it may happen, it is true, that the only existing 
cultivation Is from artesian sources, but such countries can only 
support the lives of some hundreds of men, not of millions like 
those whose unfortunately precarious condition has jnst been dis- 
cussed. 

In those regions, on the other hand, where rainfall is always 

Artesian resourres in abundant, artesian reservoirs lose all importance 
regions of abundant rain- , . . . , mi t c 

fall. as sources of irrigation, but may still be o* 

great use in secondary though by no means unimportant questions, 
such as a supply for manufacturing or for drinking pusjposes. 
Thus confined within reasonable limits, the question of artesian 
supply is of the greatest interest, and is fully justified in attracting 
the attention of private enterprise or of public bodies such as 
municipalities. 

It cannot be said that very much has been done in this line in 
Present state of the India, and it is doubtful how much can be done, 
question. safcIy asserted that throughout the 

length and breadth of India there is no artesian reservoir compar- 
able to the Dakota sandstone of North America, or the regularly 
disposed basins of London and Paris. This has been clearly 
recognised since the day when the main features of the geological 
map were delineated. But the Geological Survey with its small 
staff of Officers has not yet been equal to the task of carrying out 
a detailed examination of that immense area to such a degree of 
minuteness as w^ould allow of a definite opinion on the possible re- 
sources of underground reservoirs, whose performance might be 
small perhaps as compared with the examples just quoted from 
Europe and America, but which yet might prove very useful and 
welcome for local needs. Not only are there many portions of 
India proper which are terrae incognitas " in a geological sense, but 
enormous areas have been thrown open to geological observatioh 
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in Burma, and in Baluchistan which still further increase the vast* 
ness of the task. Consequently! the parts of the map that have 
b^en submitted to detailed examination are very few, as the time 
necessary for work of that kind can seldom be spared except for 
some special object like the detailed survey of a small area occupied 
by a coal-field. Under the circumstances, the minute examination 
necessary to decide these questions is quite out of the question. 
The delineation on the map of the areas of metamorphic rocks at 
once excludes certain portions from the range of research since 
artesian water can scarcely be expected from them. But if a geolo- 
gi’-cal map of India be examined, it will be noticed that an enormous 
area of the Peninsula is occupied by a volcanic formation known 
as the “Deccan trap.“ Practically the whole of that area is un- 
surveyed : we know next to nothing of that immense formation, but 
the mere boundary of the tract which it occupies. As to its capacity 
as a water-bearing formation, little is known and great differences 
of opinion exist. The map also shows a large area occupied by the 
“ Vindhyan rocks. These have received more attention than the 
^‘Deccan trap,“ but still in a very general manner, and very little 
is known regarding their behaviour as water-bearing strata. Lastly, 
we h^ve scarcely any information respecting the underground 
structure of that immense spread of recent deposits constituting 
the Indo-Gangetic alluvial plain, whose strata are still in the posi- 
tion in which they were deposited, and no exact knowledge of which 
can be arrived at except from actual borings, In the opening 
paragraph of these notes, I mentioned that a review of the whole 
question as it then stood in India had been written by Mr. Medlicott 
in i88i. It cannot be said that the knowledge gained in the two 
decades that have since elapsed can allow much to be added to 
what he so ably discussed. Artesian problems are always so full 
of uncertainty that the results of actual experiment play an importi 
ant part in arriving at any definite conclusions respectingf subseqilent 
trials. The experiments carried out since the publication ol 
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Mr. Medlicott's report have not been very numerous. Most of them 
have been described in the publications of the Geological Survey* 
A short account of the most important ones is given in the following 
chapter. 


CHAPTER II. 

Detailed account of some recent experiments. 

(/) Baluchistan. 

The most successful borings are those of Quetta, ^he struc- 
ture of the deposits underlying the plain of Quetta has been 
fully explained by Mr. Oldham in a paper published by the Govern- 
ment and reproduced in the Records of the Geological Survey.* 
The town of Quetta is situated in the midst of a broad plain sur- 

Structure of recent de- rounded by high ranges of hills. The streams 
positsoftheQuetupiain. that is8«e from those hills carry, in times of 

flood, boulders and coarse detritus which they abandon owing to 
the diminished gradient when they enter the plain. Owing to 
the scantiness of the rainfall, the plain is not scoured by streams 
powerful enough to remove these materials, and thus shallow cones 
of talus material or ** alluvial fans are formed, constituting a very 
characteristic feature of desert regions. They all coalesce with one 
another and with the talus formed by the ordinary process of dis- 
integration, forming a broad incline, the so-called daman ** which 
fringes the mountain ranges in Baluchistan. At the apex of each 
of the shallow cones the river divides itself into a number of branches 
very much as it would do in a ** delta.*' These channels are usually 

^ "On the mode of occurrence and probable distribution of artesian water in the valley 
plains of the Quetta and Pishin District,'* reprinted in "Sub-recent and Recent Deposits of 
the valley plaiaaof Quetta, Pishin, and the Dasht-i-Bedaolat ; with appendices on the Chamans 
•f Quetta, and the Artesian Water Supply of Quetta and Pishin.” Rec. Geol. Surv. Ind., 
Vol. XXV, pp. 36 - 53 . 
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dry, and« it is only when there has been a shower that they give 
passage to a stream of water which bears sand and boulders if 
Ihe shower has been abundant enough. The more important chan* 
nels in the fan, those that are, for the time being, so situated as to 
collect a great amount of water, carry their burden farthest and 
send tongues of gravel reaching the plain. Like all rivers they 
are apt to shift their position, and the coarse gravels in the aban- 
doned channels become gradually buried under the deposits of fine 
silt known as loess, which are derived from the disintegration of 
neighbouring rocks or consist of wind-borne dust floated from 
jfar, and which gradually get spread over the land by the slow and 
gentle action of rain-wash. The same process is many times 
repeated till the plain is occupied by a succession of irregular 
tongues or patches of loose permeable gravel alternating with layers 
of silt which are highly impermeable owing to their fine texture 
and argillaceous composition. The tongues of gravel decrease in 
coarseness as they slope towards the plain ; they are entirely en* 
closed by the impermeable clays except at the apex of the alluvial 
fan where, by increasingly coarse material they all come into com- 
munication with the chaotic accumulation of boulders at the de- 
bouchure of the river from the hills. Owing to the torrential nature 
of the rivers and the peculiar structure of the alluvial fans, the 
gradients are high, so that there is a considerable difference of level 
between the coarse gravels at the head of the fan, and the plain over 
which the deposits are distributed. Thus arises a condition which 
IS eminently suited to artesian action. The coarse nature of the 
deposits at the head of the slope of the « daman'* favour 
percolation ; the water gradually finds its way into the buried 
tongues of gravel, and the impermeable clays which enclose these 
gravels prevent all natural escape, thus producing an artesian 
reservoir which is eminently of the perfect" type. Where these 
reservoirs can be tapped they are extremely useful, since by means 
of them it is possible to distribute to the arid soil of the plain the 
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relatively abundant rain that falls on the hills inhere it yould be 
of no use owing to the steepness of their bare slopes. 

So long as they arc left to their own devices, it is not within 
the means of the inhabitants of these sparsely populated districts 
to obtain this water through artesian wells, as they do not possess 
suitable appliances to reach the requisite depth. But with their 
simple methods they can obtain the same supply by the much more 
laborious task of driving a horizontal gallery through the inclined 
beds in the lower portion of the talus. These are the works known 
as ‘‘karez” or^kanat** which have already been mentioned in a 
previous paragraph. The W’ater is not under great pressure where 
the stratum containing it is penetrated by works of this^^ind, but 
the great surface of percolation in the gallery allows the collection 
of an abundant supply. The first attempt to tap this supply by 
means of a boring was made at Quetta in 1889. The experiment 
was eminently successful and, since then, many other borings have 
succeeded, while experiments of a promising nature have also been 
attempted in the plain of Pishin. From the irregular conformation 
of these deposits, the prospects of success at any particular point 
within the area covered by them cannot be accurately predicted. 
The tongues of gravel must overlap one another in a very irregular 
manner, and there is no means of knowing their lateral extension. 
At one place, a water-bearing stratum may be struck at a much 
smaller depth than at another, while it may also happen that the 
gravel may be missed entirely, which explains why some borings 
have been unsuccessful, though surrounded by others that have met 
with water-bearing strata. In fact in all artesian reservoirs like 
this one, consisting of recent undisturbed deposits, the only indi- 
cation that can be given with any degree of accuracy is the main 
boundary of the area within which success is possible, but success 
at any particular point within that area must remain, to a great 
degree, a matter of chance. 
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The yield pf a small artesian reservoir, like that of the Quetta 
basin, situated in a very dry region, is subject to a certain amount 
of varfation according to differences in the amount of yearly rainfall. 
The flow from the karez galleries at Quetta is known to be affected 
to some extent by such variations, and some of them have even 
been known to stop flowing entirely after prolonged periods of 
abnormal drought. 


The structure of the recent alluvial deposits in the valley-plain 
Other localities favour- Quetta is by no means special to that one 
ab»y situated. locality, but is common in a greater or less 

degree- to all the talus deposits that fringe the high mountains of 
PaJ^chistan and Persia, of that arid table-land known as the 
plateau of Iran. At many pkces, the water which they contain is 
tapped by the karez and kanat galleries, and, tto doubt, it would 
be available also by artesian wells. For instance, all along the 
mountain ranges which form the southern border of the great desert 
which stretches from Nushki up to the Persian Frontier, these talus 
deposits frequently assume enormous proportions. At a few locali- 
ties far distant from one another, karez tunnels have been driven 
into them, and it would be worth while making an experimental 
boring at one of the most likely places. 


There is not much that calls for comment in the boring records 

Boringr records of wells wells in Quetta. The deposits are too 

at Quetta. irregular to allow the identification of strata 

encountered in different wells. In all the borings, the same varieties 
of sands and clays were met with in alternating layers. The follow- 
ing records were published by Mr. Oldham in the report already 
referred to;— 


SECTIONS OF BORE-HOLE 3 AT QUETTA AND BOSTAN. 
1. Well at Railway station-* 

120 feet loess. 
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20 feet gravel, underlaid hj quicksand. 

Discharge 20,000 gallons per hour ; hydrostatic head 50^eet. 

2. Well in Political Agent’s compound. 

115 feet loess. 

8^ feet shingle with a little artesian water. 

2 feet loess. 

Gravel, an abundant discharge of water. 

3. Well in Loco. Superintendent’s compound^ 

92^ feet loess. 

3^ feet gravel with artesian water. 

4. Well in Executive Engineer's (Railway) compound—* 

90} feet loess. 

10 feet gravel, from which water just flowed at surface. 

10 feet loess. 

20 feet coarse sand and gravel, with an abundant discharge 01 water. 

S- Well at Gymkhana— . 

77 feet loess. 

10 feet hard sandy stuff 
8 feet ” indurated sandy lumps 
35 feet “clay with nodules". 

3 feet quicksand. 

12 feet hard clay. 

Quicksand with water. 

6 Artesian well at Bostan, as determined from specimens preserved — 

10— fO feet pale yellow unctuous clay containing fine grains of silica and 
effervescing freely with acids. Loess. 
so— 30 feet the same, but not so fine grained. 

30—40 feet finer than 10—20 feet. 

40—60 feet very like 20—30 feet 

60 — 80 feet the same with some pieces of calcareous rock (kankar). 

80—90 feet same as xo— 60 feet 

100 feet irregular small lobbies of pale grey limestone. 

x8o feet still in gravel, discharge of water 2,500 gallons per hour. 

230 feet or thereabouts, entered as Siwalik clays. 


(2) The Gangeiic alluvium. 

Alternating strata of varying coarseness deposited At A gently 
sloping angle, and becoming generally finer* 
grained as the distance from dll| hills increases, 
( a8 ) \ 
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are characters common to all alluvial deposits. But endless variation 
is introduced by differences in horizontal extent, vertical depth and 
gradient. Thus the conditions which cause artesian flow at Quetta 
exist to a certain degree in all alluvial plains. Nevertheless the 
capacity of the reservoirs thus formed must vary greatly according 
to local conditions. It is natural that the immense extent of land 
occupied by the Indo-Gangetic alluvium should have attracted a great 
deal of attention from the point of view of artesian supply, but its 
capabilities have scarcely been tested : experiments have been so 
few and so incomplete that its structure is still to a great extent a 
DnaUrf of conjecture. Just as the upper part of the talus skirting the 
Baluchistan mountains consists of accumulations of boulders continu- 
ous with gradually finer gravels that dip under thq fine clay deposits 
of the plains, so does the upper part of tfie alluvial talus all along 
the foot of the Himalayas consist of coarse gravels forming the slope 
called ‘ bhAbar,*' the lower part of which dips under the soil of the 
tarii ” Mr. Medlicott argued that the gravel beds of varying 
degrees of coarseness that are interbedded at various depths with 
the clay deposits of the alluvium, must be in communication with the 
*<bhAbar” zone of gravel : here then, just as in the case of the 
Quetta plain deposits, leaving aside the difference in proportions, we 
have the requisite conditions for a very perfect artesian reservoir* 
Percolation acts freely in the coarse deposits of the gravel zone 
which absorb a considerable proportion of the rainfall, and the over- 
flow at the upper part of the underground reservoir makes itself evi- 
dent from the copious springs which issue in the zone along which the 
gravels dip under the clay deposits of the tardi. This line of springs 
indicates therefore the altitude of the fountain head of the artesian 
reservoir, and, by tapping that reservoir in the alluvial plain, at lower 
altitudes, water may be expected to overflow at the surface. In 
order to make the conditions of success as favourable as possible, the 
proposed wells should not be sunk too far south from the Himaliyas, 
be<^ause, with such a low gradient as that which prevails at a 
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distance from the hillsj the retarding influence of friction must come 
conspicuously into play. Along the southern edge of the plains the 
conditions cannot be regarded as favourable, for all along the low 
hills that limit the alluvium in that direction, there is no slope of 
gravel forming an intake area comparable to the ^^bhdbar'' of the 
Himalayan talus, and in the western portion of the district, in the 
neighbourhood of the Aravallis, the amount of rainfall is small. As 
to the underground reservoirs fed by the Himaldyan bhdbar it is 
not probable that they stretch right across to the southern boundary 
of the alluvium. All these probabilities were very distinctly formu- 
lated by Mr, Medlicott in discussing the possibilities of the Indo-Gan- 
getic alluvium. It is to the fact of their being situated to^^far in the 
midst of the alluvial formation or too near its southern limit, that he 
attributed the unsatisfactory results of the experiments undertaken 
in Calcutta in 1836 and at Bhiwani in 1877. One of the conse- 
quences of the Umballa boring carried out from 1869 to 1872 was to 
draw attention to the enormous thickness of the Gangetic alluvium. 
In order to account for the facts, it became necessary to admit that 
the floor upon which the Gangetic alluvium was laid down must have 
been subsiding simultaneously with the deposition of the strata. The 
depression was probably formed at the same time as the upheaval of 
the Himalayas, both phenomena being the outcome of the same set 
of causes. It may be necessary, therefore, to bore through an enor- 
mous thickness of clay-beds similar to those met with in the Umballa 
boring before striking any permeable sands in communication with 
the coarse gravels of the “bhdbar" zone. The Umballa boring was 
not continued beyond a depth of 701 feet, and, as an experiment 
therefore, it was not complete. 

The Lucknow boring performed in the years 1888 to 1890 has 


The Lucknow boring. 


further confirmed the fact of the enormous thick, 
ness of the alluvium, but it has also established 


the correctness of Mr. Medlicott’s view as to the existence of deep- 


seated artesian water, for, between the depths of 1,189 1,202 feet, 
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a sheet of excellent water was tapped under sufficient pressure to 
cause it to overflow at the surface. The flow was not abundant, but 
jjt is possible that sands bearing a more abundant supply exist lower 
down. Unfortunately the boring could not he carried deeper than 
1,336 feet. It was executed by Mr. Trowbridge, an engineer highly 
experienced in these matters, who was specially selected for this 
work by Messrs. Pierce and Co. of New York, one of the leading 
American Arms that have made deep boring a speciality. It had not 
been anticipated that the boring would have had to be put down to 
such a depth entirely through unconsolidatoJ alluvial formations. 
The bore-hole had to be lined throughout its entire depth, and as 
^av.h size of pipe can be sunk only through a limited depth, the lining 
had been reduced to 3 inches diameter when it reached a depth of 
1,264 the greatest depth to which it was found possible to sink 
the pipe, although the boring had been commenced with a 12-inch 
pipe. The following statement contains particulars relative to the 
lining : — 


Size cf pipe. 

Length, 

Depth driven. 

Total depth. 

I. 12 inches. 

408 feet. 

4 fjS feet. 

408 feet. 

2, 10 „ 

793 » 

390 .1 

798 1. 

3- 8 „ 

3>S .. 

100 „ 

898 II 

4. 6 „ 

1,100 „ 

20a » 

1,100 . 

5- 4 ,> 

.98 „ ■ 


I, >89 „ 

3 

246 „ 

77 

<>984 n 


Boring continued to 1,336 feet. 

The following information was given by Mr. Trowbridge in his 
report to the Municipal Board of Lucknow: “From the surface 
down to about 400 feet, the whole soil appeared to be saturated with 
water, its natural level being about the same as surface water. From 
400 to about 750 feet there was no appearance cf water, but at that 
point, a bed of water-bearing sand was struck, and the water raised 
to within 13 feet of the surface, which is about 32 feet higher than 
the Gumt'i river when at its lowest stage. From 750 feet to 1,220 
feet, occasional beds of water-bearing sand were found, which in 
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every instance developed a pressure sufficient to raise the water very 
nearly, or quite to surface, but evidently of not much voluiwe.^* 

^*The last bed of sand found, however, extended from about i,i6p 
to 1,220 feet, about 13 feet of which — from 1,189 to 1,202 — was a live 
quicksand, and contained water of sufficient pressure and volume to 
produce a flow over the top of the pipe at 6 feet below the surface, 
26 feet above the river, amounting to about 10 gallons a minute 
—14,400 a day — which proved on analysis to be perfectly pure water. 
The quantity was not sufficient to be of practical value, and the bor- 
ing was continued in search of a more abundant supply, and in 
order to sink the well deeper it was necessary to drive the pipe 
down, and that cut off and effectually stopped the flo^ already 
obtained.” 

The boring had been undertaken in view of providing a water- 
supply to the town of Lucknow* On account of the considerable 
interest arising from its partial success, it was intended to make an- 
other trial beginning with a much larger diameter (a 24-inch pipe) by 
means of which it was hoped that a depth of 2,000 feet would be 
reached. But it was calculated that even if the eKperiment were 
entirely successful, and a copious supply discovered, it would be 
necessary to bore a number of such wells, perhaps as many as ten, 
so as to supply the town with sufficient water, and on account of the 
great expense incurred in boring to such considerable depths, the 
scheme would have been far more expensive than that of furnishing 
the town with water from the Gumti river, even with all the addi- 
tional expense of the plant required for raising the supply, Altering 
it, etc. Hence the experiment was abandoned. 

The record of the Lucknow boring has been published by 
Mr. Oldham in the publications of the Geological Survey,^ and is 
appended below. 


* “ I he deep boring at Lucknow.” Rec. Geol. Surv. Ind., Vol. XXIII, pp. 2bi-:66. 
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Record of the Lucknow Artesian Well. 


Description op 

SOIL. 



Colour. 

Thick- 
ness of 
stratum. 

Total 

depth 

Made earth, Old Fort embankment 

• 

• 

Brown 


■1 

94 

Sandy clay . • 

• 

• 


Yellowish brown 



41 i 

Kankar, mixed with clay 

• • 


• 

Bluish grey . 



48 

Sand and clay> alternate thin layeis 



Brown • 


■I 

50 

Quicksand, micaceous . 

• 



Grey . 


14 

«4 

Sandy clay • . « 

• 



Brown 


a 

66 

Clay, with a little fine sand 

• 



Yellow 


19 

85 

Sand, with very little clay 


% 


Grey . . 


5 

99 

Quicksand, fine • 

• • 

• 


Yellow . 


14 

104 

Clay t • • • 


% 


Whitish . 


5 

109 

Clay, with scattering kankar nodules 



Bluish brown 


7 

X 16 

Kankar . . • 


• 

• 

Bluish grey # 



ii6i 

Sandy clay • . • 


• 


Yellow 


Ik 

118 

Kankar and clay, mixed 


• 

• 

Bluish grey 


1 

#• 

119 

Sandy play , • 


• 


Yellowish • 


a 

lai 

Sand, clean . , 



• 

Grey « 



1 

ia4 

Sandy clay . 



e 

Brown 


*4 

148 

Quicksand . 


• 


Grey . 


4 

159 

Silt, fine . • • 


• 


Yellowish brown 


6 

158 

Quicksand, fine • 

• water 6i ft. 

Yellowish brown 


5 

163 

Sand, with a little clay . 

• 

• 

• 

Yellow • 


6 

169 

Clay and silt mixed 

• a 

e 

. 

Yellow 


9 

178 

Clay carrying abundance of nodules 

f 

• 

Yellowish (light) 


8 

iM 

Sandy clay , 

. 

• 

• 

Yellow 


4 

190 

Qnicksand, very fine • 

• ,water 42 ft, 

Yellowish (light) 


6 

196 
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Record of the Luchnovt Artesian K'ell— contd. 


Description of 

SOIL. 



Colour 

Thick- 
ness of 
stratum. 

T otal 
depth . 

Quicksand, coarse 



• 

• 

Grey . • 

13 

209 

Clay .... 



# 


Whitish . . 

6 

aiS 

Silt, fine . • 



• 


Brown • • 

* 

219 

Sand clay, hard 



m 


Brown • 

7 

226 

Clay and sand, mixed • 





Yellow . • 

7 

a 

333 

Sand, free and hard • 



• 


Grey . • 

A 

337 

Sand, with a little clay, soft 



« 


Brown . 

1 

338 

Sandv free and hard 





Gtey . 

1 

239 

Sand, soft . 



• 


Grey . • 

2 

241 

Sand, free and medium hard 



• 


Grey . 

2 

242 

Sand, quite hard . • 



• 


Grey . 

2 

344 

Sand, coarse and nearly as hard as rock . 


Grey » • • 

2 

246 

Sand, medium hard • 

• 




Grey . • • 

Xo 

256 

Sand, fine . . • 

» 




Brown • • 

6 

262 

Sand, medium hard • 

« 




Grey . • ■ 

5 

> 067 

Sand, soft • . • 





Brown . . 

4 

271 

Clay and silt, fine • 

• 




Light yellow . 

4 

37s 

Sand, coarse and f ery hard 

• 




Grey , . 

2 

377 

Sand, do. medium hard 




Grey • • • 

2 ' 

379 

Sand, coarse and hard . 

• 




Grey . • • 

2 

28X 

Sand, coarse, alternate hard and soft layers 


Grey • 

9 

290 

Sand, carrying abundance of nodules, 

hard 


Grey . 

21 

311 

Sand and silt, fine • 

- 

• 

• 


Light yellow • 

6 

310 

Sand, medium hard 

• 

• 

• 


Grey • 

3 

32 d 

Sand, very hard, coarse 

• 

• 

• 


Grey , . 

9 

331 
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Rtcord of the Lucknow Artesian W'eW— conld. 


Description op soil. | 

Colour. 

Thick- 
ness of 
stratum 

Total 

depth. 

Claj and silt, fine • 

e 

. 

Yellow 



7 

338 

Sand, coarse • • . • 

• 

• 

Grey . 



3 

341 

Sand, coarse . • • mater 24 ft, 

Yellow 



17 

3 s 8 

Sand, hard • • • • 

• 


Grey . 



a 

360 

Sand with a little clay, fine . 

. 


Yellow 



5 

3<5 s 

• 

Sand, hard • • • • 

« 


Grey , 



4 

369 

• 

Silt, fine • • . . 

e 

• 

Brown 


e 

4 

373 

Silt, fine, with occasional nodules 

% 

t 

Brown 


• 

6 

379 

Sand, fine and hard . • 

• 

a 

Grey , 


# 

2 

381 

Sand, fine and medium hard • 

• 

• 

Grey • 



a 

383 

Silt, fine • • • • 

• 

• 

Grey . 


• 

21 

404 

Silt with abundance of nodules 

• 

e 

Grey . 



4 

408 

Sandy silt, fine • « • 

• 

• 

Yellow 



* 

410 

Clayey silt, fine , 

. 

e 

Reddish brown 

• 

90 

430 

Clayey sil^ five , , . 

. 

• 

Yellow 



3a 

462 

Sand, coarse and hard « • 

. 


Grey . 



1 

463 

Sand, with a little clay, rather coarse 


Grey . 



7 

470 

Sand, fine and very hard 

• 


Grey . 



2 

473 

Sand, fine and medium bard . • 


1 

Brown 



8 

480 

Sand, coarse and medium hard • 



Brown 



9 

489 

Silt, fine 

t 

• 

Brown 


e 

a 

49i 

Sand, hard . , , . , 

e 

• 

Grey . 



a 

493 

Sand, with a little clay . 

• 

t 

Grey , 



9 

SP3 

Sand, very hard (like rock) • 

• 

• 

Grey . 



1 

503 

Sand, with occasional very hard thin layers 

• 

Giey • 



7 

Sio 
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Record of the Lucknow Artesian W'«W*-contd. 


Description op soil. 


Colour. 

Thick- 
ness of 
stratum. 

Total 

depth. 

Sand, free and medium hard . 

a 

Grey . , 

6 

S16 

Sand, fine and soft • • . • 


Grey • • 

3 

519 

Sandf medium hard, free . • • 

e 

Grey . 

3 

522 

Sandy silt, floe 

• 

Yellow 


536 

Sand, fine and hard, with a little clay 

• 

Grey . 

12 

548 

Sand, fine and hard, free . • • 


Grey • 

36 

584 

Sand, medium hard, free 


Yellow 

9 

593 

Clayey silt, very fine . • 


Light yellow 

12 

605 

Sand, medium hard, free • , • 


Grey . 

4 

609 

Silt, fine and soft • • • • • 


Yellow • 

*3 

62a 

Sand, fine and hard • • • ■ 


Brown • 

a 

624 

Sand, very hard, like rock 


Brown 

2 

626 

Sand, hard and Free . • . . 

e 

Brown 

14 

640 

Sand, medium hard, free • • 

# 

Brown • • 

4 

644 

Sand, very hard, like rock • 

• 

Brown . • 

I 

64s 

Sand, medium hard, free • • , 


Brown 

18 

663 

Sand, micaceous, with kankar nodules • 


Yellow • • 

8 

671 

Sand, fine and medium hard, free • . 

• 

Yellow • 

4 

67s 

Sand, coarse, with hard layers 

• 

Grey • • • 

8 

683 

Sand, coarse and very hard, like rock • 

• 

Grey • 

2 

68s 

Sand, extremely hard and fine, like rock 


Yellow . , 

5 

690 

Sand, fine, with abundance of kankar • 


Brown • • 

10 

700 

Sand, fine, with very many hard kankar 
nodules •««.••• 

Brown • 

10 

710 

Sand, rather coarse, medium hard, with 
kankar 

some 

• 

Brown 

as 

735 
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Record of the Lucknow Arlesian eontd. 


• 

Description op soil 

Colour. 

Thick- 
ness of 
stratum. 

Total 

depth. 

Sandy silt 

Brown • • 

15 

7SO 

Sand, medium hard, free . water 13 ft . 

Yellow 

17 

767 

Kankar, hard 

Bluish grey 

1 

768 

Sand, with layers of kankar nodules . • 

Yellow 

10 

, 778 

Sandy silt, with abundance of mica • 

Grey . 

• 5 

783 

Sand, with occasional kankar nodules water g ft . 

Yellow 

9 

792 

Quicksand, with abundance of mica 

Grey . • • 

6 

798 

Kankar, hard, with a little sand 

Light grey • 

6 

804 

Sand, softish and free . • • • . 

Grey . 

2 

606 

Sand, with abundance of nodules • • 

Brown • 

8 

B14 

Silt, very tenaceous 

Brown • . 

8 

822 

Kankar, very hard 

Bluish grey . • 

1 

823 

Sand, softish, carrying some mica 

Yellow 

3a 

855 

Clayey silt, very tenaceous • • • . 1 

Yellow , 

7 

86a 

Kankar, hard, with thin streaks of sand 

Bluish grey • 

3 

865 

Sand, hard and free « • , . • 

Yellow 

5 

870 

Sand, medium hard 

Yellow 

7 

877 

Kankar, hard, with a little sand « 

Bluish grey . • 

3 

880 

Sand, medium hard, with streaks of silt 

Yellow 

14 

894 

Kankar, hard, with a little sand • 

Bluish grey 

6 

1 

990 

Sand, fine, medium hard, with a little silt and 
some nodules 

Yellow • 

27 

I 

927 

Kankar, solid bed, hard as rock 

Bluish grey . 

2 

929 

Sandy silt, very fine 

Brown 

7 

93^ 

Limestone, medium hard • . • . 

Grey • • • 

5 

941 

Sand and limestone, alternate thin layers 

.. 1 

Grey . 

6 

947 
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The Agra boring performed during the years 1884 to 1886 

The Agra bonn' although it failed entirely to prove the existence 
of any artesian supply of drinkable water, is 
most interesting from a geological point of view, for it is the only 
one amongst the borings accomplished in the tndo*Gangetic alluvium 
that has been carried down to the underlying rock. After traversing 
513 feet of alluvial strata, the boring penetrated 132 feet further 
into the Vindhyan formation, making the total depth 645 feet. 
Before the commencement of the work Mr. Medlicott was consulted 
as to the chances o{ success. He had already advocated Lucknow 
as a promising locality, but with respect to Agra, he was careful 
to state that although the existence of artesian water was possible, 
yet the proximity of the southern boundary of the alluvium ren- 
dered success very doubtful : the supply of water from the southern 
edge cannot be great, and the possiole supply from the HimaUyan 
border cannot very well be relied upon on account of its great 
distance. 

Like the other borings through the Ganges alluvium, the Agra 
well illustrates the great thickness of that formation. Tl^e fact that 
the alluvial formation extends up to a depth of 513 feet so near to 
the southern border, shows how rapidly the floor of underlying rock 
must shelve beneath the accumulation of fluviatile deposits. The 
bottom of the alluvium at Agra is only 5 feet above sea-level. 

The boring was commenced on the 5th of June 1884, and it struck 
the bottom of the alluvium in May 1885. There remained very 
little chance of finding a supply of water when once the floor of 
older rock had been struck, and on the 7th June 1883 the boring 
was discontinued, agreeably to Mr. Medlicott’s recommendation. 
It was subsequently decided by the Municipality, with the authori- 
zation of the Collector and Commissioner, to continue the experi- 
ment, and work was resumed on the 21st August of the ^ame year, 
and the boring continued through rock up to the depth of 645' 
which was reached in July 1886. It was then considered useless to 
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continue the experiment and th^fwork of withdrawing the pipes 
was commenced. Five different sizes of tubes were used as shown 
in the following statement 



Size of pipe. 

Length. 


Inches. 

Feet. 

1. 

9 

30 

e. 

7 f 

190 

3 - 


367 

4 * 

Si 

470 

S- 

4 i 

490 

Unlined boring, 3" 

diametei . 


The upper end of the pipe was 30 feet below ground level. 
As its length was 490 feet, it was sunk to a total depth of 520 feet 
and was lowered 7' 4'' in the rocky strata, leaving an unlined boring 
of 125 feet. 

While the work of withdrawing the tubes was proceeding, it was 
noticed that water had risen in the artesian well up to within 36 
feet of the mouth of the w^ell, and stood some 12 feet higher than 
the level of the sub-soil water in the neighbouring wells. Unfor- 
tunately it was not observed at what time this rise took place, 
whether it was when the pipes w^ere withdrawn to the level of some 
of the sandy layers in the alluvium, or whether the water had been 
slowly percolating from the Vindhyans. In order to find out how 
much water was available, the tubes were again sunk at the cost of 
considerable difficulty, and the bore-hole cleared out, with the object 
of enabling pumping experiments to be carried oufc The work of 
lowering the tubes was commenced on the ist of January 1887, and 
the bore was finally cleared out on the i6th March. Pumping was 
commenced on the 18th March, at which date “the water was 35 
feet 10 inches below the top of the masonry steining. After four 
( 40 ) 
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hours' continuous pumping it was 84 feet below the top of the well| 
which gives a ^all of 49 feet, and within an hour it rose 51 feet 6 
inches, actually sj feet higher than it originally was when pumping 

was first started The fall aft#*r pumping after the first few 

days appears to have been much less. Pumping was discon- 

tinued on the 2nd April, and on the 6th May it was found that the 
water was 32 feet from the top of the steining, and 16J feet higher 
than the water in the well on the opposite side of the road." 
(Report of the Executive Engineer, dated iSth July 1887.) 

At the time of these experiments, the bottom of the 4^" tube was 
inserted into the Vindhyan rock to a distance of about four feet. 
The circumstance of the rise of water was brought to the notice of 
Mr. Medlicott, who was of opinion, however, that the water did. not 
proceed from the Vindhyans : he considered that the pipes were not 
water-tight, and that the water probably issued from some of the 
arenaceous strata in the alluvium, perhaps one of those marked 30 
or 32 in the list given below. The matter was also referred, at a 
subsequent date, to Mr. Foote, who concurred in Mr, MedlicotPs 
opinion. Yet, as matters then stood, it was not possible to obtain 
absolute certainty, which is unfortunate, because this is the only 
boring in India that has penetrated to any depth through the 
Vindhyans, and it would be very interesting to obtain some accurate 
information as to the water-bearing capacity of these rocks, whose 
stratigraphical structure is in many localities eminently suited to 
artesian conditions. 

The water was so highly charged with salts of magnesia that it 
was quite unfit for drinking purposes, that in the neighbouring wells 
being on the contrary quite sweet. As it was found deficient both 
in quality and in quantity, the experiment was discontinued and the 
pipes were withdrawn. 

The following is the list of strata passed through in the Agra 
boring. 

ir 
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Record of the Agra boring. 


Number 

Thickness 

Depth 


of 

of 

below 

Description of strata. 

stratum. 

stratum. 

ground -level. 



Ft. in. 

Ft. in, 

1 



I ' 

l6 

0 

i6 

0 

Loam. 

“ 1 

lO 

0 

26 

0 

Loamy sand with small kankar. 

1 

3 

10 

0 

36 

0 

1 Loamy sand. 

4 

8 

o 

44 

0 

1 ^ 

Fine sand. 

5 

19 

o 

63 

0 

Loamy clay. 

“ i 

27 

0 

90 

0 

Loamy sand. 

1 j 

20 

o 

110 

0 

Kankar and sandy clay. 

8 

29 

o 

*39 

0 

White sand and sandstone full of brackish water. 

9 

5 

o 

144 

0 

Small white sandstone and kankar. 

lO 

22 

o 

166 

0 

Loamy clay. 

II 

S8 

0 

224 

0 

Clay. 

12 

S6 

0 

280 

0 

Loamy clay. 

13 

14 

0 

294 

0 

Kankar and clay. 

M 

2 

6 

296 

c 

Kankar. 

«S 

1 

6 

298 

0 

Loamy clay. 

|6 

3 

6 

3 ai 

6 

Clay. 

>7 

1 

o 

302 

6 

Kankar. 

i8 

8 

6 

311 

0 

Clay. 

>9 

I 

o 

312 

0 

Kankar. 

20 

IS 

9 

327 

0 

C'ay. 

21 

XI 

o 

338 

0 

Loamy sand. 

22 

7 

0 

345 

0 1 

Red sand and kankar with a little water. 
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Rtctrd of ike Agra boring^tontd. 


1 

umber 

of 

stratum. 

Thickness 

of 

stratum. 

Depth 

below 

ground-level. 

Drscription of strata. 


Ft. in. 

Ft. 

in. 


^3 i 

IS 0 1 

360 

0 

Loam. 

24 

1 6 

361 

6 

Kankar. 

25 

18 6 

380 

0 

Kankar and clay. 

26 

10 0 

390 

0 

Loamy clay. 

27 

4 0 

394 

0 

Clay. 

28 

2 0 

396 

0 

Kai kar. 

29 

44 0 

440 

0 

Clay. 

30 

3 9 

443 

9 

Fine sand full of water. 

31 

23 9 

467 

6 

Loamy clay. 

32 

3 0 

470 

6 

Fine sand full of water. 

33 

10 6 

481 

0 

Clay. 

34 

9 0 

490 

0 

Red sand with pebbles, dry. 

35 

1 0 

491 

0 

Pebbles and sand. 

36 

I 0 

492 

0 

Red sand and a little clay. 

37 

I 0 

493 

0 

Fine sand. 

38 

1 0 

494 

0 

Mixture of sand, clay and pebbles coloured, kankar 
and clay. 

39 

2 0 

496 

0 

Clay and kankar. 

.40 

4 0 

500 

0 

Sand and clay. 

41 

11 6 

Sn 

6 

Red clay and sandstone. 

4 a 

6 0 

S17 

6 

Sandstone. 

43 

7 6 

525 

0 

Clay and sandstone. 
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from the surface. The following list of strata is given in the *' Indian 
Engineering " ;>f August 13th, 1887 • — 


Record oj a boring at Canning in the Sunderbunds. 


Number 

of 

stratum. 

Thickness] 

of 

stratum. 

Depth 

below 

ground- level. 

Description op strata. 


Feet. 

Feet, 


i 

6 

6 

Black earth. 

2 

4 

10 

Light grey clay. 

3 

14 

24 

Dark grey clay. 

4 

10 

34 

Light grey clay. 

5 " 

21 

55 

Black clay, sandy. 

6 

71 

I 

126 

i 

Grey sand full of salt water. (This is supposed 
to be the same stratum of sand found at Diamond 
Harbour under 28 feet when sinking a well in 
1882 in connection with the proposed Docks.) 

7 

4 

130 

Dark grey clay. 

8 

5 

X3S 

Green clay with streaks of salt. 

9 

3 

138 

Mottled clay, yellow and blue, mixed with broken 
shingle. 

10 

2 

140 

Blue clay.i 

11 

5 

*45 

Yellow clay mixed with broken shingle. This 
clay is not salt. 

12 

5 

ISO 

Yellow clay with bands of blue and ochre. 

13 

6 

158 

Light grey clay, very stiff, mottled with yellow. 

14 

to 

166 

Yellow clay, very loamy. 

15 

7 

173 

Yellow earth. 

16 

87 

260 

Yellow micaceous sand ; contains perfectly fresh 
water which rises to within 8 feet of the surface. 


^ ThfMv is a slififht discrepancy between the description sfiven in the text of the ^ Indian 
Engweerinsf ” and the indications of a section appended to it ; the strata 10 and la are mutually 
transposed in the section. 
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An experimental boring has also been put down at Chander* 

nagore. The boring reached a depth 242 feet 
Bonng atChandernagroTC. yjjg results have been 

published by Mr. Oldham in the Records of the Geological Survey ^ 
and are reprinted below. On the subject of this section Mr. Oldham 
has written the following remarks 

“ The section requires but little comment. The bed No. 13 is 
evidently the equivalent of the peat bed found near Calcutta at 
depths of from 30 to 35 feet ; No. 32 is peculiar as containing 
numerous sub-angular fragments of felspar which must have been 
derived from some exposure of gneiss or granite in the ne|ghbour- 
hood| which has since been covered up by alluvium owing to the 
subsidence which has taken place in the Gangetic delta ; the speci- 
men also contains a fragment of faone^ apparently of a turtle, con* 
verted into oxide of iron.’' 


Tableau indiquant le nontbre et la nature des couches rencontrdes 
pendant le forage du puits artezien de Chandcrnagor. 
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TabUau indiquant le nomhre et la nature des couches rencontries pendant U 
• forage du puiti artesien de Ct‘iindernagor~-~conid» 



Thickness. 

Depth. 

Thickness. 

Depth. 


Metres. 


Feet, 


No. 6. Sable fin micac^ d'un gris cendrd 

o‘6o 

37S 

1*97 

12*29 

,, 7. Argile sablcuse d’un gris foncd • 

o‘3S 

4'io 

1-15 

13*44 

8, Argile grisJltre mfilde de debris 
de coquilles et de nodules cal- 
caires . • . . • 

0*65 

4 75 

214 

IS'SS 

9. Argile d’un noir grisSltre • 

2 50 

7-25 

8*21 

2379 

,, 10. Sable fin micac^ gris&tre • 

1*40 

8‘6s 

4*59 

28*38 

,, II. Argile noire plastique mfel^ 
legferement de concretions fcrru- 
gineuses • • • • 

©•54 

919 

1*77 

301s 

,, 12. Argile noire stratifi^e m61^e 
legerement de bois pourris « 

065 

B'84 

1 2*13 

I 32*28 

„ 13. Tourbe . . . • . 

2*36 

12*20 

7-75 

4003 

„ 14, Argile gris-noir mSl^e de toutes 
petites concretions ferrugi- 
reuses . • • • • 

1-66 

13-86 

5-44 

4547 

„ 15. Argile grise de petites 

concretions calcaires * • 

i-oo 

1486 

3*28 

487s 

„ 16. Argile coloree en jaune et noir 
meiee de concretions calcaires . 

I'go 

1676 

6*23 

5498 

,, 17. Argile micacee colorde Idg^re- 
ment en jaune par du carbonate 
de fer • • • • 

2‘10 

i8*86 

6-90 

fii-88 

„ 18. Argile d’un jaune pale meide de 
nodules calcaires et souiliee 
legerem^ de carbonate de fer . 

2-29 

21*15 

7“5i 

6939 

u 19 * Argile bleu&tre tachde en jaune 
par du carbonate de fer • 

0*40 

21*55 

1-31 

7070 

„ 20. Argile jaun&tre in814e de concre- 
tions calcaires • • • 

a*2S 

23*80 

7-38 

78*08 

,1 21. Argile bleu&tre coWde en rouge 
et en jaune par du pdroxyde de 
fer et de carbonate de ler • 

0*95 

24-75 

3*12 

81*20 
* • 


I * 
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pects appear very poor along the southern border of the 'basin. 
Nearer to the northern border the existence of artesian conditions 
has been definitely proved by the Lucknow boring» but the water* 
bearing strata lie probably everywhere at a considerable depth, and 
data are wanting to form any idea as to the flow that might be ex- 
pected. 


(j) Other alluvial areas. 

If, from the Indo-Gangetic alluvium, we pass to the smaller alia- 
vial plains in other parts of India, we find that there is very little to 
be recorded since Mr, Medlicott's general review of the subject. 

The expectations raised by the success that attended the sinking 
of artesian wells at Pondicherry have not been fulfilled in the experi- 
ments tried in the other alluvial plains, apparently similarly situated 
along the east coast of the Peninsula! At Pondicherry itself, a great 
many wells have been sunk in addition to the four wells described 
in Mr. Medlicott’s Report, and some of these have been very success- 
ful, but at Cuddalore, in the southern continuation of the very same 
alluvial'plain, the trial resulted in failure. 

A number of experiments have been conducted at Madras and in 

Boring experiment! at neighbourhood of that town, but without 

Madras. much success* At Madras itself, the borings 

showed that the gneiss occurs at a much smaller depth than was 
expected, and all hopes of finding an artesian supply had to be 
abandoned. Already in the year 183s, a boring sunk at the old 
Custom House had struck the gneiss at the depth of 55 feet.^ As it 
was not certain whether this might not have been only a stray boul- 
der, another boring was undertaken in 1885 in the People’s Park, 
but it struck the gneiss at almost exactly the same depth.* 

* Joum. Royal Asiatic Society, Vol. VIII, p. 94S. 

* A complete collection has not been made of the boring records in the Madras Presidenep 
so as not to defer the publicatbn of the present report, but a number of the more important 

have been described from information available in the Geological Survey OSice. 
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The following extracts are from a report of the Public Works 

Department, dated 28th July 1885: ** Governmen*t accepted 

an offer from M. Cornet, a French Engineer, to make the experiment 
of sinking an artesian well at Madras. The maximum depth named 
for the experiment was 120 metres, or 393 feet; and it was expected 
that, if the result proved favourable, three months would suffice to 
complete the work. The approximate estimate of the cost of the 
well was put down at RiS,475. 

“The People's Park having been suggested by Dr. King, of the 
Geological Survey of India, as a locality likely to prove favourable 
for such an experiment, a site was selected therein, and work was 
commenced on the 24th March 1885. ^ depth ^ 58 feet the 

boring was through soil consisting of clay, marl, sand, etc., below 
which a granitic formation w'as met with, into which the boring 
proceeded slowly, the rock being of excessive hardness. 

“ In order to ascertain whether the rock which had been encoun- 
tered was a detached boulder, or an extensive underlying bed, a trial 
boring of small diameter was made at a distance of some 50 yards 
south of the first site. In this second boring, granite of precisely 
similar character was reached at the same depth, a result which 
went to show that the bed was continuous. M, Cornet then pro- 
ceeded to examine three artesian borings which had been attempted 
in the vicinity of Madras by private enterprise. From samples of 
the strata through which these borings had passed, M, Cornet arrived 
at the conclusion that, from Fort St. George to a distance of six or 
seven miles north, and a mile or two inland, the underlying strata are 
everywhere identical and consequently unlikely to yield an artesian 
supply of water.” 

The chances appear to be more promising in the alluvial plain 
Borings in the Kortalayar the Kortalayar river, situated further north. 

The alluvium occupying this plain has been 
deposited partly by the Kortalayar ; but formerly a larger river also 
contributed to its formation, the PdUr, which now flows in a different 
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direction.^ A boring was put down by private enterprise through 
these strata in ffiie year 1883, near Ennur. A water-bearing stratum 
was struck at a depth of 65 metres (J13 feet). There does not ap- 
pear to exist any detailed record of the boring : it reached a depth 
of 214 feet in September 1884, but by that time it had proceeded 
beyond the alluvium and had penetrated the underlying tertiary and 
Jurassic beds. 

In June 1886, a boring was commenced at Government expense 

at Karani in the Kortalayar valley. The result 
The Karani boring. . . . 

was disappointing as only two sheets of water 

were met with at depths of ten and forty feet, neither of \i^ich 
were very abundant. The boring was continued to a depth of 442 
feet without striking any other supply. The list of strata encountered 
is given below. According to Mr. Foote it is doubtful whether all 
these strata belong to the recent alluvial deposits of the Kortalayar 
and P414r. Just as in the experiment at Ennur, it is possible that 
the lower part of the boring has been sunk through rocks older than 
the alluvial, in the present case the ** Cuddalore sandstone ** of ter- 
tiary (or pleistocene) age. 


Section of the Karani boring. 


Number 

of 

stratum. 

Thickness 

of 

stratum. 

Depth 

below 

ground-level. 

Description of strata. 


Feet. 

Feet. 


I 

450 

4*50 

Sandy vegetable mould, yellowish, then black 
clay with a small portion of sand. 

2 

250 

7 00 

Fine yellowish sand with a few pieces of kankar. 

3 

4*00 

iroo 

Greyish sand with a little clay and pieces of 
kankar. Water sheet at 10 feet. 

4 

200 

I3‘00 

Fine yellowish sand with some kankar. 

T"" ^ 1 ■■ 
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Section of the Karani horitig—conxA. 


Number 

of 

stratum. 

Thickness 

of 

stratum. 

Depth 

below 

ground-level 

Description op strata. 


Feet. 

Feet. 


5 

12*00 

25*00 

Sandy clay yellowish brown mixed with some 
blue clay nodules and pieces of kankar ; clay 
passing to whitish yellow mixed with sand. 

6 

• 

6*00 

31*00 

Yellow and white clay with kankar in small 
quantity. ^ 

7 

6*00 

37-00 

Yellow-brown clay with more kankar, passing to 
conglomerate with patches of green and white 
clay, and fragments of laterite transported by 
water. 

8 


41*00 

Very hard yellow clay, whitish when dry; at 38 
feet, pieces of white coral passing to reddish- 
brown. 

9 


43-50 

Yellowish coarse sand mixed with clay. 

10 


49-62 

Coarse river sand mixed with clay. The strata 
9 and 10 contain water under pressure which 
rose to within 3' 3" of the ground- level in Nov- 
ember 1886. In March 1887, the surface of 
the water was 6 ' g'^ below ground-level. 

11 


S«-6s 

Fine sand mixed with yellow clay. 

12 

^75 

53-40 

White clay with portions of 3eIlow clay like late- 
rite. 

13 

5*35 

38-65 

Very hard sandy yellow clay with Water-worn 
fragments of gneiss. 

14 

12*00 

70-65 

Similar stratum containing fine sand mixed with 
clay, coarse river sand, and a few pebbles. 

*5 

12*00 

82-65 

Very stiff yellow clay mixed with red and grey 
clay io patches and layers, containing water- 
worn fragment! of laterite. Becomee arena- 
ceous at 60 ft. 

16 

975 

83-40 

Bed of limestone. 

*7 

3*00 

86-40 

Yellow clay mixed with some white clay end 
layers of grit. 


( 52 ) 








Dn'AILBD /^::COUNT OF SOMB RECENT EXPERIMENTS. 53 


S0tiion of the Karate'f boring— conXA, 


Number . 
of 

stratum* 

Thickness 

of 

stratum. 

Depth 

below 

ground-level. 

DHSCRIPTION 07 ST 2 ATA. 


Feet. 

Feet. 


18 

ns 

88-15 

Some jellow clay, mixed with red clay. 

>9 

s*so 

93*65 

Clay resembUns laterite, containing pebbles and 
sand derived Irom the primary rocks. 

ao 

7*60 

100-65 

Hard yellow clay mixed with sand and fragments 
of gneiss ; then hard greyish clay mixed with 
yellowish clay. At 99 feet, more grey clay 
passing lo blue clay. 

81 

3*00 

103*65 

Grey clay traversed by blue clay. 

22 

3*00 

106*65 

Blue clay mixed with some yellow clay. 

23 

5 'J 8 

1x1*83 

Stiff yellow clay. 

24 

f‘28 

IIS’!! 

Stiff yellow clay traversed by blue clay. 

as 

45*77 

158*88 

Very hard indurated blue clay with a few layers 
of grit. 

a6 

2*30 

161*18 

Greyish limestone, the lower part of which ta 
very hard. 

27 

i8'92 

180*10 

Blue clay and layers of grit. The lower part 
of the stratum contains iron-pyrites. 

28 

10*86 

190*96 

Fine blackish grey sand with iron pyrites, mixed 
with very hard indurated blue clay, containing 
sometimes layers of grit and limestone. 

29 

TOO 

191-96 

Very bard greyish limestone. 

30 

904 

201*00 

Fine blackish grey sand with iron pyrites^ 
mixed with very hard indurated blue clay, 
containing sometimes layers of grit and lime- 
stone. 

31 

600 

207*00 

Pine blackish blue stiff clay ; lower part grpy 
isb. 

32 

roo 

208*00 

Very hard grey limestone. 

33 

2*50 

210*50 

Fine indurated greyish clay, with a little sand. 
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Section of the Karani boHng — contd. 


Number 

of 

stratum. 

Thickness 

of 

stratum 

Depth 

below 

ground level 

Description of strata. 


Feet. 

Feet. 


34 

6 00 

2i6'50 

Very hard black clay; lower pari containing 
layers of grit. 

35 , 

625 

222 75 

Very hard grey limestone. 

3 ^ I 

7*00 

22975 

Grey sand with indurated clay. 

37 

13*00 

24275 

Indurated grey sand mixed with clay, pieces of 
shell and decayed leaves, and nodules of car- 
bonate of lime. 

38 

700 

2497s 

Indurated grey sand containing clay and frag- 
ments of shells. 

39 

4 ‘oo 

1 2537s 

Indurated grey sand mixed with clay. 

40 

4*00 

25775 

Indurated grey sandy clay passing into conglo* 
merate containing fragments ol kankar. 

41 

S 4 ' 2 S 

31200 

Coarse sand with greyish clay. 

42 

5-00 

31700 

Black clay. 

43 

0*75 

31775 

Grey limestone. 

44 

2-25 

32000 

Black clay. 

45 

1 00 

321*00 

Grey limestonew 

46 

27'00 

348*00 

Black clay. 

47 

I'OO 

349*00 

Grey limestone. 

48 

2*00 

35100 

Grey sand mixed with clay. 

49 

4*00 

355*00 

Black clay. 

50 

12*00 

367 00 

Hard grey clay. 

5 * 

2*00 

36900 

Grey limestone. 

52 

0*50 

36950 

Layers of grit. 

53 

0*75 

370*25 

Grey sandy clay. 
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Section of the Karani boring — concld. 


Number 

of 

stratum. 

Thickness 

of 

.stratum. 

Depth 

below 

ground-level. 

DrSCRlPTlON OP STRATA, 


Feet. 1 

Feet. 


54 

3775 i 

40800 

Black clay ; upper part contains fragments of 
decayed wood and broken shells. 

55 

4*00 

412*00 

Grey sand mixed with clay. 

55 

4*00 

41600 

Indurated black clay. 

57 

1 

2*00 

41800 

Grey sand mixed with a little clay. 

58 

TOO 

419*00 

Indurated black clay. 

59 

I *00 

420*00 

Grey sand with clay. 

60 

firoo 

441*00 

Grey clay with sand. 

Cl 

1*00 

1 

442*00 

Limestone. 


The altitude of the ground at the mouth of the well is 71 feet 
above sea-level. 

A successful experiment has been made lately at Coconada, on 

^ ^ the sea-coast in the northern part of the delta of 

Coconada boring. 

the Godavdri. 

But here, in all probability, the greatest part of the boring is not 
through alluvium, but through the '' Rajahmundry beds,” a local facies 
of the Cuddalore sandstones. An abundant supply of water was 
struck at a depth of 295 feet, the water overflowing at a height of 
about one foot and a half above the surface of the ground. The 
Rajahmundry beds ” consist of alternating layers of sandstone and 
clay. They outcrop over a considerable area to the north-west of 
Coconada, and as they dip under the alluvium at a low angle in a 
south-south-east direction towards the sea-coast, they ought to be 
very flivourably situated with respect to artesian conditions. 
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The following list of the strata met with has been kindly commu- 
nicated by the Engineer-in-Chief of the East Coast Railway 


Section of Artesian Well boring at Coconada Town, 


Number 

of 

stratum. 

Thickness 

of 

stratum. 

Total depth 
from top of 
spoil bank. 

Description of strata. 


Feet. In. 

Feet. 

In. 


1 

10 0 

10 

0 

Sand. 

2 

20 0 

30 

Q 

Clay. 

3 

1 80 0 

no 

0 

Clay and a few pebbles, then clay and sand. 

4 

0 

0 

<0 

140 

0 

Clay. 

S 

10 0 

ISO 

0 

Sand. 

6 

70 0 

220 

0 

Clay, then decomposed rock. 

7 

10 0 

230 

0 

1 Sand and soft sandstone. 

8 

48 0 

27b 

0 

Clay. 

9 

1 0 

279 

0 

Decomposed rock and coarse sand. 

10 

I 0 

280 

0 

Disintegrated rock. 

11 

9 0 

289 

0 

Coarse sand. 

12 

1 0 

290 

0 

Sand conglomerate. 

*3 

I 9 

291 

9 

Sand. 

14 

0 3 

292 

0 

Soft sandstone. 

IS 

3 0 

295 

0 

Sand. 


Tank spoil bank level about 3 feet above ground-level. Water 
level in pipe at a depth of i' Diameter of bore-hole, 8^ in. Total 
depth of lining 290 feet. 

An experimental boring is being conducted at present in another 
part of the alluvial deposits of the Godavari at Ellore. But as it 
seems certain that it is at present in Gondwana rooksi it will be 
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mentioned again in connection with oth?r experiments carried out in 
rocks of that class. 

A trial was also made in 1881-82 at Karikali a town whose 
geographical and geological situation resembles 
Kankal borins;. that of Pondicherry. The undertaking did not 

meet with the same success as at Pondicherry although two artesian 
sheets were struckj the first one at a depth of 346 feet, which rose to 
within 4 inches of the surface, and a second one at a depth of 347 
feet, which overflowed. The hydrostatic head of the latter was 6^ 
feet above the level of the ground, but its delivery was only 22 
gallons a minute. A copy of the boring record communicated by the 
French Government Engineer is herewith appended. Like the 
Chandernagore boring record, it is printed in the original language 
with only the addition of the measurements in feet:-« 


Coupe gMogique iu Putts Ariisien de Karikel. 


Number Thickness 
of of stratum 
stratum, in metres. 



5 roa 

6 1*40 
0*75 


Depth from Thickness Depth from 

ground-level of stratum ground-level Description of strata. 
in metres. in feet. in feet. 


2*00 6*56 6'5 Terrain naturel. Sable 

gris-noir terreuz. 

9*45 1*47 8*0 Sable gris-noir terreuz 

avec melange de sable 
jaune-bnin fin. 

3*94 9*59 10*6 Sable gris-noir argileuz. 

4*28 3*41 14*0 Argile noire plastique avec 

ozyde de fer et m6lde de 
sable blanCi gris et javne- 
brun. 

5*30 3*34 < 7*3 Argine jaune-bnm m 81 de 

die sable. 

6*70 4*59 ai‘9 Sable fin jaune-brun av4c 

petits graviers. 

7*45 2*46 24*4 Sable moyen jamifttra avec 

graviers et grks femi- 
gineuz. 
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Coupe giologique du Putts Arffsirn de /iTonie/— contd. ^ 


Number 

of 

stratum. 

Thickness 
of stratum 
in metres. 

Depth from 
ground-level 
in metres. 

Thickness 
of stratum 
in feet. 

Depth from 
ground level 
in feet. 

Description of strata. 

8 

ros 

8*50 

3-44 

27-8 

Sable fin micac^ jaune 
pfile. 

9 

1*10 

9‘6o 

3-60 

31-4 

Argllc grise avcc m^lange- 
de terre de soude. 

10 

1 yis 

1275 

10*33 

41*8 

Argile brune m&l^c do 
sable. 

1 1 

no 

> 3’85 

3*60 

4 S -4 

Argile sableuse rougeJitre. , 

12 

I 45 

15-30 

4-7S 

So-1 

Sable argileux jaun&tre 
avec gr^s ferrugineux. 

>3 

0*36 

15-66 

i-i8 

51*3 

Sable gros argileux jaune- 
pfile avec petits gravier.s. 

14 

030 

15-96 

0*98 

52*3 

Sable fin micac^ fluidc. 

15 

J 74 

1 17-70 

5-70 

580 

Argile brune sableuse. 

16 

3IS 

20-85 

10-33 

68-4 

Sable jaune clair fin. 

17 

0-57 

21-42 

1-87 

70*2 

, Sable gros argileux gris- 
clair avec graviers et 
choukan. 

18 

o’S 3 

21*95 

1*73 

720 

Terre de sonde fluide. 

>9 

0*85 

Cl 

278 

747 

Sable moyen gris avec 
terre de soude, mottes 
d’argile irisde ct choukan. 

20 

270 

aS'So 

8*8s 

83-6 

Argile brune sableuse iris^e 
avec choukan. 

21 

4’45 

« 9 ' 9 S 

14-60 

98-2 

Argile iris^e m^l^e de 
terre de soude. 

22 

o*8o 

307s 

2*62 

100*8 

Argile iris^e m^l^e de 
sable fin micac^. 

23 

0*65 

31-40 

2''13 

103-0 

Argile gris-noire avec 
agglom^rats. 

24 

0*45 

3 >- 8 S 

*•47 

104-4 

Argile brune sableuse avec 
aggldm^rats. 

2S 

0*30 

32-15 

0^98 

105-4 

Argile schisteuse iris^e. 
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Coupe giologiotie du Putts Artesien He Karikel—conti, 


Number 

of 

stratum. 

Thickness 
of stratum 
in feet. 

Depth from 
ground-level 
in metres. 

Thickness 
of str.atum 
in feet. 

Depth from 
ground -level 
in ieet. 

Description of strata. 

36 

2*25 

34*40 

738 

112*8 

Sable fin micac^ jaune pAle 
avec agglomerats. 

27 

T30O 

47*40 

4265 

155*5 

Sable fin jaune-brune avec 
gr^s fcrrugineuxi cailloux 
et graviers. 

28 

2'20 

49*6o 

7*21 

1627 

Argile brune mfilde de sable 
fin micac6. 

29 

o*8o 

50*40 

2*62 

165-3 

Sable moyen janne pAle 
avec petit graviers. 

30 

2*10 

5^*50 

6*88 

172*2 

Argile brune sableuse. 

31 

0*80 

53-30 

2*62 

174*8 

Argile gris-noire marbrtfe 
avec agglomerats. 

32 

3*15 

5645 

1 10*33 

185* I 

Argile sableuse iris^e avec 
agglomerats. 

33 

0*23 

S668 

0*75 

1859 

Sable rougeAtre argileux, 
avec ca’lloux, graviers, 
gres ferrugineux ct debris 
de coquilles. 

34 

o'S 5 

S 7'23 

I 80 

187-7 

Agglomeration. 

35 

0 ’ 3 S 

S 7 'S 8 

114 

1 88-8 

Sable argileux jaune rou- 
ge&treavec petits graviers 
et cailloux. 

36 

1*67 

S 9'25 

5*47 

> 94*3 

Sable moyen sail d ’argile 
jaun&tre et m61^ de petits 
graviers. 

37 

300 

6a-as 

984 

204*1 

1 Argile iris^ compacte 
avec rognons d’agglo- 
m6ration. 

38 

r25 

6350 

4' 10 

2o8'3 

Argile iris^ de 

sable fin et avec agglo**- 
m^ration. 

39 

r 

0-65 

64 ’iS 

2*13 

3 X 0*4 

Argile compacte iris4e 
avec rognons d'agglo- 
morals. 
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Coupe gtologifue du Puits Artisiett de Karikri-^ontA. 


Number 

of 

stratum. 

Thickness 
of stratum 
in metres. 

Depth from 

ground-level 

in metres. 

Thickness 

of stratum 

in feet. 

Depth from 
ground-level 
in feet* 

Description of strata. 

40 

07s 

64-90 

2*46 

212*9 

Argile gris-cendrde irisde 
avec rognons d’agglo- 
mdrats. 

41 

105 

65-95 

3-44 

216*3 

Argile jaune-rougektre 

irisde m 6 l 4 e de sable et 
de graviers et souill 4 e 
d’oxyde de fer. 

4a 

0*10 

6605 

032 

216*6 

Agglomeration. ^ 

43 

0*40 

66-45 

i-a* 

i 

217*9 

1 

Sable fin jaune p&Ie avec 
graviers et debris de 
coquilles. 

44 

0*25 

« 6670 

8*82 

2x8*8 

Agglomeration. 

45 

0*50 

67*20 

1*64 

220*4 

Sable mo^en rousse&tre 
sail d’argile 

46 

OSS 

67-75 

i*8o 

222'2 

Argile sableuse irisee avec 
graviers et agglomdrats. 

47 

0*40 

68*15 

1*31 

223*5 

Argile sablonneuse irisde. 

48 

1*05 

69*20 

3*44 

227*0 

Sable fin souilld d’ocre- 
]aune et mdld de debris 
de coquilles. 

49 

0*10 

69*30 

0*32 

227*3 

Agglomeration. 

SO 

0*70 

70*00 

2*29 

229*6 

Sable moyen jaunktre sali 
d’argile et mkld de gra- 
viers. 

SI 

0*40 

70*40 

1*31 

230*9 

Agglomeration. 

52 

4*18 

74-58 

1371 

244*6 

Sable moyen jaunktre 
souilie d'argile et mkie de 
petits gravmrs, de debris 
de coquilles et de rog- 
nons d’agglomerata. 

S 3 

0*62 

75-ao 

2*03 

276*7 

Agglomeration. 

54 

I -35 

76-55 

4’42 

251*1 

Sable fin jaunktre souilie 
d’argile. 
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Coup»^ gMogtgu* du Puiit AritHtn d,', ATariM— condd. 


Number 

of 

stratum. 

Thickness 
of stratum 
in feet* 

Depth from 
ground-level 
in metres. 

Thickness 
^of stratum 
in feet. 

Depth from 
ground-level 
in teet. 

Description op strata. 

55 

ri5 

7770 

3*77 

aS4'9 

Sable moyen JaunfLtre argi- 
leux avec ddbris de 
coquilles et rognons 
d’agglomdration. 

S6 

67s 

84‘4S 

22*14 

277*0 

Argile noire plastique m6lde 
de coquilles et d’argile 
blanche. 

57 

« 

o‘8o 

8S2S 

2*62 

279*6 

Sable ar£[ileux noirAtre 
avec petits graviers et 
cailloux et traces de 
coquilles. 

58 

0*45 

8570 

1*47 

281*1 

Agglomeration pierreuse 
de couleur gris-fltre. 

59 

367 

89-37 

12*04 

293*1 

Sable argileux moyen, de 
couleur gris-fttre avec 
melange de cailloux, de 
graviers et de coquilles. 

60 

0*20 

8957 

0*65 

293-8 

Agglomeration. 

6t 

0*63 

90'20 

2*06 

295-9 

Argile nis-noire claire 
meiee de graviers, cail- 
loux et debris de coquil- 
les. 

62 

1-50 

91*70 

4*9* 

300-8 

Argile nis-noire mMe de 
sable nn. 

63 

9*86 

101*56 

32*34 

33TI 

Argile grise m6iee de sable 
de graviers, caillouxr 
boispourris, et rognons 
d’agglomeration. 

64 

0-30 

ior86 

0*98 

334> 

Agglomeration. 

C5 

3*35 

105'2I 

11*09 

34S-2 

Sable gris-noir argileux 
- avec cailloux, graviers et 
debris de coquilles. 

66 

0*30 

105*51 

0*98 

346*1 

Agglomeration. 

67 

0'20 

105*71 

0*65 

346-8 

Sable gris fin pur. 

68 

0*10 

105*81 

0*32 

34ri 

Agglomeration. 

69^ 

*•59 

107*40 

S*ai 

352-3 

Sable gros gris pur avec 
graviers cailToox. 
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A considerable portion of Burmah is occupied by alluvium, and 
it is probable that there are places where the 

Wells at Rangoon. ^ ^ , 

conditions are favourable to artesian action. 
The tube-wells " sunk in the alluvium of Rangoon appear to be 
partly artesian in their characters, although in none of them does 
the water overflow. They are situated close to the banks of the 
Rangoon river and the Poozoondoung creek, and as the water in the 
deep-seated water-bearing sands appears to flow very freely from 
the direction of the higher ground round the Shway Dagon pagoda 
hill towards the river banks, the pressure is not sufficient to cause 
any overflow in such a situation : the water does not rise to wMiin 
less than 5 to ii feet from the surface. Mr. Oldham, who has written 
an account^ on the subject of these wells from which the present 
information is gathered, was of opinion that flowing wells might be 
obtained further inland, though the rise of the ground is so slight 
that no great increase of the pressure can be expected. As to 
any scheme of supplying the town with water from this source^ 
Mr. Oldham pointed out that the yield of the wells is not very large 
(the wells then in existence gave amounts varying from 2^500 to 
70,000 gallons a day), and that, owing to irregularities common in 
all alluvial formations, a certain number of the proposed wells are 
sure to be failures ; hence “ a large number of wells will 
therefore have to be sunk if the requisite supply of water is to be 
obtained, and it seems probable that, when the estimates are made 
out, it will be found that the cost will be nearly if not quite as great 
as for the construction of a storage reservoir, while the cost'af 
maintenance and uncertainty of success will be much greater.'^ 

Some of the wells go down to depths of as much as 320 feet. 
The strata encountered belonging to the newer alluvium " above, 
and the ‘‘ older alluvium below, as defined by Mr. Theobald in 
his survey of the geology of the district. The fact that below a 

^ Note on the alluvial deposits and subterranean water-supply of Rans^oon. Rec* Geol>^ 
Surv. Ind., Vol. XXVI, pp. 64-70. 
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certain point on the banks of both tjse Rangoon river and the 
Poozoonddung creelk, all the wells contain more or less brackish 
water shows that there is vety free underground communication, 
and that “there is a continuous outflow from the outcrop of the 
gravels to the sea/' the permeable sands not being perfectly en- 
closed by watertight strata. 

Mr. Oldham gives the following description of the method by which 
the wells were sunk “ they are cased with iron piping of from 

to 4*' internal diameter, which was sunk by the simple process 
of forcing a stream of water down a smaller tube of from to a*' 
.^orc, inserted in the centre of the outer casing. The stream of 
water ascending the annular space between the two tubes carried 
with it the material washed from the bottom of the bore, and so 
enabled the two tubes to be sunk simultaneously ; when the well 
was completed, the inner tube was withdrawn and a pump attached 
to the outer one. This process appears to be simple, inexpensive, 
expeditious, and effectual, though of course only applicable in soft 
and not too coarse grained deposits, but it has an effect on the stuff 
washed out that must be allowed for. The stream of water which is 
sufficient to wash away fine clays or sands, would be insufficient to 
bring up coarse grit and small pebbles to the surface. Consequently 
if pebbles are mixed with fine sand or clayey matter, the stream, 
which has sufficient power to bring the pebbles to the surface, will 
wash away all the finer matter, and so what would seem to be a 
clean gravel, to judge from the washed material brought up, might 
really be a mixture of pebbles and clayey sand, of very little value 
as a source of water. ** 

With respect to the boring records appended below, Mr. Oldham 
makes the following remarks 

“ Most of these sections have been preserved in glass fronted boxes, in which 
the different layers are arranged one above the other. In some cases this has 
been done to scale, and there was no difficulty in determining the depths and 
thick|ie8ses, in others no fixed scale was followed, and the depths are indicated by 
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paper slips affixed to the glass, a much inferior plan, for when, as has sometimes 
happened, any of these labels have peeled off, it is impossible to deterihine the true 
thickness of some of the layers. Where I have not seen the specimens, or none 
have been preserved, the section is given by repute. The term grit is used to 
indicate a texture intermediate between that of sand and of gravel, the limits of 
size of the individual grains may be taken as ^ and i inch. The horizontal line 
indicates the base of the newer alluvium.*' 

Detailed sections of borings. 

No 1. Mohr Brothers. 

There are two wells, the section of the deepest is— 

o^iog ft. fine grey clayey silt* 

109^136 „ fine grey sand. 

I36«-i8o „ grey clayey silt. 

iSO'^ipo „ yellowish sand (silt of the newer alluvinnn mixed 
with sand grains of the older). 

190— aio ft. sand. 

210—220 „ fine gravel rangingto 4* diameter. 

229—270 „ coarser gravel, some pebbles as much as an inch 
In diameter, 

below 270 feet, yellow sand again. 

No. 2. Bulloch Brothers & Co, 

One well| section said to be— 

o— 90 ft. clay. 

90— 96 „ sand. 

96—220 „ clay, 

220—240 „ yellow sand and gravel. 

No. 3. Diekmann Barckhausen & Co, 

One well, 242 feet deep. No record. 

No. 4. Steel Brothers & Co. Upper mill. 

Two wells, 50 feet apart. There is a distinct difference 
in the water of the two. One contains a small propor* 
tion of oily matter, probably petroleum, which floats 
on the surface of the water. Section^ 

o— 30 ft fine brown silt. 

30— 40 „ dirty yellowish sand. 
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40— 60 ft. grey sandy til*. 

70 ,, fine sand. 

7o« 80 „ yellowish sand. 

80^ 85 ft. fine grey send. 

85—100 I, brown earth. 

100 — ,, yellow sand. 

— 175 I, coarse grit and sand. 

1 75— 1 90 M coarse grit. 

190 — 210 ,• fine gravel. 

210 — 238 ,f gravel ranging to i inch in diameter. 

No. 5. Steel Brothers & Co. Middle mill. Section — 

o— 85 ft. grey clayey silt. 

99 fine sand. 

99 — 100 „ grey sandy silt. 

100- 1 16 I, fine grey sand. 

118—122 n grey sand with yellowish grains. 

122- 130 „ fine grey silt. 

130—145 ft. clean sand. 

>45 » coarse grit with some fragments ranging to t inch 

in diameter. 

150—1551. grey silt. 

155 — 160 ,f coarse sand mixed with small ferruginous concretions 
160^176 „ fine clean sand. 

176 — 180 fine reddish sand. 

180—190 „ coarse sand. 

190—195 „ medium grained yellow sand. 

195—198 I, grit. 

198—203 „ coarse grit with some larger fragments. 

203—829 I, gravel ranging to i inch. 

No. 6. Kruger & Co. 

Section lost. At about 850 feet a large number of shells in a very 
good state of preservation and in some cases quite fresh looking 
were brought up. The forms are all marine littoral, comprising the 
genera Cardium, Arca^ Venus, Solen, besides fragments of polyzoa. 
The^ppecies appear to be living ones. 
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No. 9. Zaretskey Book & Co. Section— 

o— 30 ft. grey silt. 

30— 42 „ fine broifnish sand. 

42 — 55 „ small ferruginous concretionsr 
55—125 II grey clayey silt. 

123—217 „ grey sand. 

217 — 22o sub^angular gravel. 

220—249 „ fine pale buff sand. 

249—254 „ pale yellow sand. 

254—257 ,, coarse grit and sand. 

257—289 „ pale yellow sand. 

289 — ,, coarse grit and sand. 

Through the courtesy of the proprietors this well was pumped 
for me with an open mouth. It was found that the well gave 1,200 
gallons an hour with a lowering of the surface level to 8 feet. 

No. 7. Steel Brothers & Co. Lower mill. 

No record except that the water was brackish. 

No. 8, Rowett & Co. 

Two wells were sunk, both were failures. No further record. 

No. 10. Bulloch Brothers &Co. Section — 

o— 25 ft, fine clayey silt. 

25— 52 „ fine sandy silt. 

52- 70 „ fine grey sand. 

70—108 ,, silt. 
io8— 118 „ fine grey sand. 

1 18 — 170 M alterations of more or less sandy and clayey silt. 
170-256 „ grey sand of various shades. 

256—265 „ grey sand with some yellow grains, 

265-275 ft. yellow sand. 

275-282 „ grit. 

282—302 „ sharp yellow sand. 

302—320 „ gravel ranging to 4 inch. 

No. 11. Arracan Co. 

Two wells sunk to 240 and 245 feel ; water bad. 
No further record. 
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No. 12. A^'racan Co. 

One will of 140 feet. Water not good. No fuui.ei 
record*. 

No. 13. Victoria Oil worlts. Section 

O— 20 ft. grey clayey silt 
20 — 80 „ fine grey sand* 

80— Kjo ft. yellowish sand, 
loo— 120 ,, fine sab-angular gravel. 

120—134 „ pepper and sdt grey sand 
134—155 11 sand with small penbics 
* 55 “ 190 I* band. 

190 — 215 „ small sub angular gravel 
215 -218 ,, sand. 

218-230 „ gravel mostly small, imptihctly rounded, with -omc 
tragrrentb ot I inch arros.. 

230—236 ,, fine sand 
236—240 ,, gravel as before. 

240-250 ,, fine grey sandy silt. 

250—257 ,, coarse grit. 

257—265 „ fine white sand. 

265 — 273 ,, sand and grit, 

273— 276 „ white sand. 

276—279 „ white grit. 

279- II gravel, i to J inch. 

No. 14. Irrawady Flotilla Co. 

Oiie well of 170 feet, water brackish. No further 
records. 

No. 15. McGregor Brothers & Co. Section said to be— 

® — 50 ft. blue clay. 

So— 6a , red clar. 

6a— 96 „ sand, 

96—224 „ gravel, then sand and thin beds of white clay 
224—228 ,, gravel. 

No. 16. Foucar Brothers & Co. 

No record. 
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No. 17. Bulloch Brothers & Co. Section— 

o— 30 ft. brownish silt. 

30- 43 11 grey silt. 


43— 6a ft. brick red clayey matter (soft late rite?). 

62 — 68 „ fine buff sand. 

68~ 75 „ fine pale greyij^h sand. 

75^110 „ yellow sand. 

II 0^-130 „ clean sharp sand. 

130-148 „ grit. 

148—161 „ yellowish sharp sand. 

161—165 II fine brown sand. 

165—171 „ coarse sand. 

171—180 „ coarse sub*angular grit. 

180—185 ,1 gravel up to an inch in diameter. 

No. 18, Heatherington Gray & Co. 

One well of 250 ft. Water bad ; no record. 

No, 19. Mohr Brothers & Co, Section— 

o— ft. fine grey silt, 

—196 ,, grey silt mixed with grains of reddish sand. 


196— ft. grey sand with some small pebbles. 

— 210 t, clean yellow sand. 

210 — 215 „ coarse sand. 

315— „ small gravel. 

—224 „ coarse grit. 

224—230 „ fine grit and coarse sand. 

230—242 „ sub*angular gravel ranging to 4 inch. 


An experimental well was sunk at Akyab in 1889-1890. But it 

BormeatAkyab. difficult to make out how far the work 

proceeded through alluvium, or whether it en- 
tered the underlying tertiary rocks. The locality was visited in 1897 
by the late Mr. Grimes, who wrote the following particulars on this 
subject : In the years 1889-9O1 at the Arracan Company’s Upper 
Mill| on the north side of the town of Ak}'ab| a well was bored to 
a depth of 421 feet, for the purpose of obtaining water, but without 
C 68 ) 
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RUy success^ The only record ot this boring which I could obtain 
was in a letter from the ArraOan Company to the Akyab Municipal 
Commissioners, in which they write that at 421 feet they reached 
a stiff clay and could make no further progress, and that long before, 
they reached the clay they went through several layers of sand and 
gravel, but there was no sign of water anywhere. This is very in- 
definite as it does not show how much of this depth was bored in the 
alluvial beds or whether it was even entirely in the alluvium. Wells 
sunk close to the ridge of rocks get down through the alluvium to 
the underlying rock at a very moderate depth, but there is evidence 
to show that the thickness of the recent deposits increases as one 
gets away from this ridge, and the increase is possibly very rapid* 


(^) Gujdrit^ 


A large portion o( Gujdrlt is covered with alluvium, but not to 
any depth comparable with that of the Indo-Gangetic plain. The 
subject of artesian wells has received a Certain amount of attention 
in that province because irrigation is needed to supplement 
occasional deficiency of rainfall, and also on account of the fact 
that in many places the water of the wells is hard and brackish. 
Although the depth of the alluvium is inconsiderable, very little is 
known concerning the older rocks underlying it. So far as can be 
made out, the Gulf of Cambay seems to occupy a shallow basin of 
^ ... disturbance ; the various strata, both to the east 

Structure ui the neigfh- 

west, dipping at low angles under the 
alluvium. The structure therefore is favourable 
to the formation of an artesian reservoir, provided that some of the 
strata have a capacity for transmitting water. In all probability 
the rocks underlying the alluvium are basaltic strata of the ''Deccan 
trap’' overlaid by tertiary strata If, as is not improbable, the 
^ lowest strata of the tertiaries are coarse gravel beds resting upon tSe 
surface of the volcanic layers, tbi circumstance combined with the 
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abundance of overlying impermeable clays that form such a large 
proportion of the tertiaries, would give rise to conditions eminently 
suited to artesian action. So far, however, no borings have pene- 
irated to such a depth. I'he boring sunk at Gogah by Lieutenant 
Fulljamcs in 1836*1839, to a depth of 354 feet 9 inches, mention of 
which is made in Mr. Medllcott’s Report, still remains the most 
important attempt, and it never reached the base of the tertiaries. 

Some of the tertiary strata contain strings and crystals of rock- 

^ ^ . . salt within their layers, and it seems to be 

Sart-bearing strata. ^ ^ 

owing to this circumstance that the wells in 
some parts of Guj^rAt contain brackish water. The behaviour oT 
the wells varies according to the depth at which these salt-bearing 
strata lie below the surface. It may happen that the well, when first 
i-unk, contains fresh water from surface layers unaffected by the 
brackish water lower down ; but if the demand upon the water- 
supply in the well increases beyond a certain extent, the brackish 
>vater may percolate from below. This is particularly liable to occur 
in seasons of exceptional dryness when the general level of sub- 
soil water has been lowered, and the communication thus established 
with the deeper layers of contaminated water may cause the wells 
to become permanently deteriorated. 

In places thus situated, a supply of perfectly fresh water has 
sometimes been tapped by sinking a pipe from 

Fresh water-supply * ^ ^ & r r 

tapped by boiings of the bottom of the Well, until it penetrated 
moderate depth. 

through some layer of impermeable clay. 
Separated by this impermeable bed from the upper layer of saline 
water, the supply thus obtained is artesian in the strict sense of 
the term, although the water may not rise higher than the level of 
ordinary ground-water. 

Some very successful attempts of this class have been made by 


Mr. G. W. Tata at Naosari, an abundant 
supply of fresh water being obtained at a depth 


of about 150 feet. 
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The country was visited by the Director of the Geological 
Report by Mi. Survcy, Mf. Gricsbach, at the commencement 
Gjicsbach. year, and the following remaiks are 

extracted from his notes. 


Notes on the chances of finding Artesian water in Gujarit. 

*•(1) Gujdrdt with the adjoining districts, Cutch, Kathiawar, Mahi 
Kantha and the Panch Mahals may, for the purposes of the water 
inquirvi be roughly divided into three well-defined areas, which 
differ stucturally from one another. There are {a) the hilly tracts 
which include the Mahi Kantha and Panch Mahals ; (i) the Cutch and 
Kathiawar States, which fringe Gujdrit along the south-west ; and {c) 
the flat country between the hill tracts which is formed by the 
drainage running into the Gulfs of Cutch and of Cambay. 

(2) The hilly tracts of the Mahi Kantha and Panch Mahals 
consist chiefly of older rocks, both schistose and crystalline, both much 
disturbed. Several of the valleys within this area are filled with recent 
deposits, but there is no evidence to show that a search for artesian 
water will meet wdth any success within these deposits. 

(3) The areas of Cutch and Kathiawar which form the south- 
western fringe of Gujir^t are chiefly built up of younger sedimentary 
strata (both cretaceous and tertiary beds) which are associated with the 
so-called Deccan trap, and 1 think it is extremely unlikely that within 
this area artesian conditions will be met with, although even so much 
cannot be absolutely insisted upon, but the general geological structure 
is certainly not promising, and I would not advocate the outlay of money 
on a systematic search for such a w^ater-supply, especially as water 
may in most instances be found within reasonable depths by digging 
ordinary wells. 

(4) It appears to me that the only part of the northern division of 
the Bombay Presidency, within which a search for artesian water 
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might be successful, is Guj^rit proper, that is the flat country inclosed 
by the Mahi Kantha on one side and Kathiawar on the other. It 
appears to be entirely covered by widespread alluvial deposits, and 
very little is known of the underground geological conditions, but 
a few exposures in quarries and wells afford some information, 
which is sufficient to permit forming a favourable opinion on the 
chances of meeting with deep-seated supplies of water if borings were 
undertaken. 

The few exposures of underground structure which I have seen 
seem to indicate that the alluvial deposits cover up a series of beds 
of upper Jurassic or cretaceous age, consisting chiefly of sandstones 
and shales, and overlaid by tertiary clays, shales and limestones, the 
whole of which sequence of beds rests upon the old palaeozoic 
rocks of the so-called ‘ Aravalti type.' 

(5) The evidence in support of this supposition is somewhat 
meagre; besides the geological surveys of Kathiawar and Baroda, 
we possess surveys of the alluvium of parts of the Ahmedabad 
district, whilst important evidence is afforded by quarries and 
newly-constructed wells near Wadhwan. 

(6) I have satisfied myself that we have at loast two distinct 
water-levels within this area. The lower one is found wherever 
the cretaceous marls and impure limestones, which may be seen 
along the boundary of Gujirit and Kathiawar, are pierced down to 
the underlying coarse brown sandstone of cretaceous or upper Juras- 
sic age. This may be clearly observed in all the quarries near 
Wadhwan itself. 

The upper water-level is found in the tertiary (probable upper 
eocene) concretionary limestone which seems to overlie the creta- 
ceous deposits of Wadhwan unconformably (much of the so-called 
kankar beds appear to be the same concretionary limestone of the 
upper eocene which may easily be mistaken for the genuine kankar 
deposits of the alluvium). 

( 72 ) 



DETAILED ACCOUNT OF SOME RECENT EXPERIMENTS. 


73 


If a bore-hole were sunk 7 or 8 miles north*east of Wadhwan, for 
instancci it would probably encounter the following series of beds 
in succeeding ordes.:— 

1. Alluvium, probably 10 to 20 feet. 

2. Tertiary limestones and marK%— some 40 to 60 feet. 


Upper Water-level, 


3. Unknown strata, probably of tertiary age and of unknown 
thickness. 


4. Upper cretaceous limestones and marls. 

5. Brown sandstone, cretaceous or jurassic. 

Lower Water-level, 

6. Unknown strata below. 

It will be seen therefore that water woufd certainly be obtained 
by boring, and it may be that by driving the boring down to the 
lower water-level indicated above, artesian conditions will be en- 
countered. The proposition appears to me hopeful, and I would 
suggest that such a bore-hole be constructed of at least 1,000 ft. 
depth in the neighbourhood, say, 7 miles north-east of Wadhwan. 

(8) Experiments made in former years, and the experience 
gained in well sinking, have proved that water may be obtained 
almost everywhere in GujArdt,^although in varying depths. It 
appears also, that much of the water-supply from wells is more or 
less brackish and becomes often unfit for either drinking or irrigation 
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purposes during abnormally dry seasons. I venture to suggest that 
this difficulty will only be met with in comparatively shallow wells, 
which are constructed in the tertiary (eocene) beds and which, as 
we know, contain a great deal of salt in the form of strings and 
pockets and even in well-defined layers. I believe that borings sunk 
to below the cretaceous marls will meet with sweet water in 
sufficient abundance to neutralize the presence of the more brackish 
springs near the surface. None of the older bore-holes have gone 
to any great depths, and I believe that the deepest bore-hole (near 
Broach) made by Lieut. Fulljames in 1836 to 1830 did not reach 
400 ft., so that it would be premature to pronounce against the 
possibility of obtaining an artesian supply of sweet water within 
Gujdriit proper.** 

A very interesting occurrence is recorded in a report by 

Flowing pipe in the Mr. F. D. Campbell, Executive Engineer on** 
bed of the Mahi River. Special Duty, dated Qth February 1 885. It is 

described as that of the pipe now discharging in the bed of the Mahi 
river which was lately sunk at the time when some work connected 
with the foundation of the railway bridge piers was in progress. 
The end of that pipe entered at some depth a highly porous stratum, 
and the supply of water in it is so constant, that a jet or fountain, 

6 feet high above the low water-level, is obtained, and, according 
to Mr. Crosthwaite's report, this water will rise in a pipe to 15 feet 
above that level ; but this would still be 90 feet below that of the 
surface of the country, and would probably correspond with that 
in the wells not far from the river banks.^' The action in this case 
is properly speaking artesian, although not regarded as such by 
Mr, Campbell. Whenever the surface of the land is deeply cut into 
by the channel of a river, the level of saturation of the ground sinks 
rapidly in the neighbourhood of the river banks on account of the 
flow of undergound water towards the channel. Owing to the ir- 
regular disposition of permeable and impermeable layers common to 
all alluvial formations, one of the water-bearing strata underneath 
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tTie river-bed might be enclosed by impervious strata in such a 
manner as to derive its supply from an area situated at no great 
distance from the river, but where the surface of the ground^water 
stands at a somewhat greater altitude than in the immediate neigh- 
bourhood of the river. It is probable that a similar phenomenon 
might take place in many river-beds; but in such a position the 
supply is usually not of much use. Of a similar nature is the occur- 
rence mentioned by Mr. Medlicott as having taken place in the year 
1884 : “ in sinking a well in the Ganges for one of the piers of the 
railway bridge at Benares, when the well was burst by a sudden 
influx of water from below a bed of clay rising to a greater height 
than the river water outside the well.*’^ 


(5) Borings in other tertiary rocks. 

It IS only in Guj^rlt that the tertiary rocks of India have been 
Boring for oil at specially examined in search of water, but it 

Sukkur. mentioned here that one of the deepest 

borings in this country was sunk in tertiary strata in search of oil at 
Sukkur. Some of the most successful artesian wells in America, 
for instance those in Ohio, were originally experimental borings for 
oil. The Sukkur boring, however, yielded neither oil nor water 
(excepting a small flow at a depth of 865 feet), but it must be noticed 
that all the strata encountered were clays and compact limestones 
of a very impe^’meable nature. The boring reached a depth of 
1,042*6. A complete record has been published by Mr. T. D. La 
Touche.* 

As already mentioned in the separate descriptions, it is possible 
that the Karani, Coconada and Akyab borings although commenced 
ill the alluvium entered tertiary rocks at a certain depth from the 
surface. 


1 ** Further considerations upon Aitesian sources in the plains of Upper India. 
Rec. Geol, Surv. Ind., Vol. XVIII, p. 118. 

* ** Report on the Experimental Boiing for Petroleum at Sukkur. from October 1893 to 
Morch 1895.'* Rec. Geol. Surv. Ind., Vol. XXVIII, pp. 55-59. 
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{6) The Condwanas. 

The Gondwana rocks, consisting as they do of alternating strata 
Structure and composi- of sandstone and shale, appear well suited to the 
formation of artesian reservoirs. The topogra- 
phy is not always sufficiently varied to allow the expectation of a 
sufficient head to cause an overflow, though this might occur in 
some of the hilly tracts occupied by the upper Gondwanas, for 
instance, the Satpura range, of which there exists a geological sec- 
tion published by Mr. Medlicott,' showing great masses of various 
rocks dipping at low angles over large areas, the form of structure 
best suited for the collection of water in water-tight underground 

Experiment, in the rcservoirs. Nevertheless, as mentioned by 
Satpura Coni-Basin. Medlicott in bis Report on Artesian 

borings, no overflow has been observed from any of the deep experi- 
mental borings put down in the Satpura coal-field during coal ^explo- 
rations at some of the places where the conditions for artesian water 
appear most favourable, although water under pressure has issued 
in sufficient amount to necessitate piping down to a considerable 
depth. The fact that no great difficulties have been met with from 
the inrush of underground water during mining operations in the 
lower Gondwanas shows that the strata traversed do not yield 
water in abundance. It Is true that none of these mines are very 
deep, and it is possible that at greater depths strata might occur 
forming reservoirs with a larger intake area and an abundant supply 
of water under pressure. 

A scheme was proposed in 1882 for supplying the town of 
w.ter^PPi»ofRani. Raniganj with water from the coal measures. 

But the proposed well was not to have been 
artesian : water was to be collected from a permeable bed of inferior 
coal by means of galleries driven into it, giving a considerable per- 
colating area. 

' Notes on the Satpura Coal-Basin." Mem. Geol. Surv. Ind-, Vol. X, pp. 133-188. 
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Mr. Reader, Mining Specialist oUhe Geological Survey of India, 
has brought to my notice an occurrence that took place during some 
trial borings for coal in tl^c Rampur coal-field in the Central Provin- 
■ . . . _ ces. -/C flow of water issued from one of these 

Boring in the Rampur 

coai-fidd. situated near the Eeb river, forming a jet that 

rose above the surface. The occurrence was related to Mr. Reader 
by Messrs. Kilburn & Co., who put down the boring, but it had 
taken place previous to the detailed examination of the district, and 
the exact structure of the surrounding rocks has not yet been ascer- 
tained. 

The following information contained in a letter from Mr, C, 
Matthews, Engineer of the Diamond Drill Agency, Radhnagur, 
dated 17th August igoo, has been kindly communicated by Messrs, 
Kilburn & Co. : Water commenced flowing from bore-hole at 

Dhoramanda at about 80 feet from surface, and greatly increased at 
depth of 120 feet, after passing through coarse grey free sandstone, 
and the water kept flowing continuously at about 600 gallons per 
hour, or equal to a discharge of a li" bore piping. In a trial to 
note to what height the water would rise above the bore-hole, two 
lengths of boring rods were connected to pulley head, and water 
rose full 20 feet height and kept overflowing. When the height 
was increased to 30 feet the water did not overflow. But this may 
be due to the water escaping below the casing tubes and working 
through the porous loose soil, and consequently the water could not 
accumulate as fast as it escaped through the soil, to gain sufficient 
head to overflow above 20 feet. 

« The diameter of hole is about 4" to a depth of 40 feet, and from 
that depth to 830 feet it is 2 ^ practically. The top of bore-hole 
was lined to a depth of 26 feet from surface, and below this depth the 
stratum was firm to withstand the sides from erosion or falling in. 

The position of bore-hole is in a valley between two ranges of 
hills, the height of the hills would not appear more than Soto 130 
feet above that of the bore-hole. 
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** The bed of stream i» about 20 feet below bore-hole surface, and 
is running about 200 feet from nearest point of bore, the width 
would be about 30 to 40 feet in part. About 3S0 to 400 feet from 
surface, I noticed a greater volume of water running over the bore 
equal to nearly 2,000 gallons or thereabout, and I do not think that 
the flow of water got diminished. The fining tubes have been with- 
drawn from hole/* 

The Records of the Geological Survey contain accounts of a 
great many of these sets of trial borings for coal. In one case, in 

Experimental botings a description of an exploration in the Chhattis- 

in the coal Heida. garh coal-fields, mention is made of a boring 

where a sheet of water was struck at a depth of 14 feet, and gave 
a permanent flow at the surface.^ Judging from the description, 
however, the site is in the low ground on the banks of a river, and 
as the water was tapped at such a small depth, it was no douHt in 
close connection with the ground-water at no great distance, the 
case being analogous to that of the Mahi river in GujdrSt, or of the 
Ganges bridge at Benares. 

Along the east coast of the Peninsula there are several areas 
of upper Gondwanas whose strata dip at low angles towards the 
sea-coast, and which appear therefore suited to the existence af 
artesian conditions. Several experiments have been made to test 
these localities, but with small success so far. Such is the boring 

Boring at Place’s Place’s Garden, Kilacheri, in the Chingleput 

Garden, n«ar Madras. district near Madras. The work was originally 

undertaken by the Reverend S. Dominic, Superior of the Monastery 
at Place's Garden, and, on account of the great interest attached 
to the experiment. Government aid was granted on various occasions 
to enable the work to be pursued. On being consulted by the 
Government of Madras in 1891, when the boring was nearly 300 
feet deep, Mr. Foote stated that he had reason to believe that a 

* “Boring exploration in the Chhattisgarh Coal-field&,” by William King, Rcc. Gcol. 
Surv. Ind., Vol. XIX, p. 229. 
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water-bearing stratum would be pierced near the base of the? 
series where it rests on gneiss. The pressure might not be sufficient 
perhaps to cause a flow of water« but it would be within easy reach 
of pumps. 

Sections situated a few miles north and north-west of the artesian 
boring show that the basement beds of the Gondwanas consist of a 
considerable thickness of permeable felspathic grit. The boring 
runs through a great thickness of black and dark grey carbonaceoub 
clays which probably overlie that sandstone. 

The Gondwana rocks exposed to the eastward and northward 
have been described by Mr. Foote,^ They belong to the upper 
Gondwana stage. The rocks exposed belong mainly to the upper 
part of the series and consist of light- coloured shales, clays and 
sandstones. But in the boring they are found to be underlaid by 
the above mentioned dark grey and black carbonaceous shales ; in 
fact, it was through the boring that the existence of these dark 
clays first came to be known. 

At the date of Mr. Foote’s visit the boring had been carried 
through a considerable thickness of these impervious clays. It had 
been stopped for want of funds, but Mr. Foote considered that the 
water-bearing stratum was not far off, and that the boring should be 
continued until water is struck, or until the underlying gneiss is 
reached. Moreover, Mr. Foote pointed out that some of the dark 
carbonaceous clays are bituminous, and that, even if the boring were 
unsuccessful from the point of view of water, yet it might reveal 
the existence of coal seams or of bituminous shales worth distilling, 
or of valuable fire-clay. It would be, besides, of great scientific 
interest. 

Since Mr. Foote’s visit the boring has been deepened over 
100 feet ; in October 1899 it had reached a depth of 430 feet. Yet, 
the felspathic grit has not been reached, although a small band of 

* “ On the Geolopry of parts of the Madras and North Arcot districts lying north of the 
Palai River.” Mem. Gcol. Surv. Ind., Vol. X, Pait 1. 


( 79 ) 



8o VRSDENBURG : RECENT ARTESIAN EXPERIMENTS IN INDIA. 

sandstone four inches thick has been met with at a depth of 344 
feet, and a second one 2 feet 2^ inches thickj at a depth of 359 feet. 
In a letter dated 19th November 1892, addressed to the Government 
of Madras, Dr. King recommended that the boring be carried down 
to a depth of at least 450 feet. 

Rocks of upper Gondwana age are found also near the mouths 

„ . ot the Godavari, and they have yielded water 

Boring It Ellore. c*,, . . . 

at Lllore in a boring which is still in progress 

at the present time. The strata dip towards the sea-coast to the 
south-east, in which direction they sink beneath volcanic rocks, of 
the age of the ** Deccan Trap, ** Rajahmundry beds of the age of 
the Cuddalore sandstones, and finally alluvium. The upper Gond- 
wanas here consist principally of sandstones, an upper series, 
the Tripety sandstones, and a lower one, the Golapilly beds. A series 
consisting principally of clays, the Kagavapuram shales, interveoQ,^ 
between the two sandstone groups. It has no great thickness but 
from its impermeable nature it provides a confining stratum to the 
water contained in the Golapilly sandstone, the other requisites 
for artesian action being provided by the lie of the strati 6 cation.^ 
It is difficult to decide, without having seen any specimens, how 
much of the alternating sands and clays met with up to a consider- 
able depth in the Ellore boring may belong to the alluvium, to the 
Rajahmundry beds or to the Tripety sandstones. Some specimens 
from a depth of 367 feet were forwarded to the Geological Survey 
Office and examined by Mr. Holland who identiBed them as pro- 
bably belonging to the Ragavapuram shales. The circumstances 
therefore seemed favourable, on account of the probable proximity 
of the underlying Golapilly sands. In a letter, dated 13th June 1900^ 
Mr. Holland had just expressed his opinion as to the advisability of 
continuing the boring, when a communication forwarded on the ^ame 

' The geology of this country has been described by Dr. King in his paper on ** the 
upper Gondwanas and other formations of the coastal region of the Godavari dbtrict.” 
Mem. Geol. Surv. Ind., Vol, XVl, p. 195. 
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date by the Engineer-in-Chief of the East Coast Railway announced 
that the boring hadtiruck sand at a depth of 390 feet, and that water 
had risen in the tube'^to within 16 feet of the ground»level. The same 
communication contains a section of the boring up to a depth of 
384 feet, from which the following record is reproduced : — 


Section of Artesian Well-boring at Ellore. 


Number 

of 

stratum. 

Thickness 

of 

stratum. 

Total depth 
from 

ground -level. 

Description op strata. 


Feet. 

Feet. 


I 

10 

lO 

Black cotton soil. 

a 

10 

ao 

Black clay hard and stiff. (Water level at 15 ft.) 

3 

10 

30 

Red clay. 

4 

20 

SO 

Brown clay. 

5 

10 

60 

Brown clay and sand. 

6 

10 

70 

Nodular limestone and clay. 

7 

10 

80 

Yellow clay. 

8 

10 

go 

Brown clay interspersed with gravel. 

9 

40 

130 

Grey clay and lime nodules. 

10 

ao 

ISO 

Red and yellow clay. 

It 

10 

x6o 

Grey and yellow clay. 

la 

xo 

170 

Grey clay. 

13 

10 

180 

Yellow clay with kankar. 

14 

10 

190 

Decomposed yellow sandstone and clay* 

IS 

lo 

aoo 

Red and yellow clay. 

16 

10 

210 

Brown and yellow clay with kankar. 

17 

10 

280 

Yellow and grey clay with kankar. 

18 

10 

230 

Yellow and red clay with kankar. 

*9 

10 

240 

Yellow and red clay and decomposed rock. 


( 81 ) 








83 VREDENBURG : RECENT ARTESIAN EXPERIMENTS IN INDIA 


Section of Artesian WelUhoring at Ellore — contd. 


Number 

of 

stratum. 

Thickness 

of 

stratum. 

Total depth 
from 

ground-level. 

Description ov strata. 

20 

Feet. 

10 

Feet. 

250 

White and red clay with nodules of laterite. 

21 

10 

260 

Yellow and grey hard stiff soil. 

22 

10 

270 

White sandy clay interspersed with large 

23 

10 1 

280 

shingles. 

White and brown clay interspersed with minute 
pebbles. 

24 

10 

290 

Yellow clay. 

25 

13 

300 

Light grey sandy clay. 

26 

10 

310 

Yellow streaky clay. 

27 

9 

319 

Yellow clay, light yellow sandy clay. ^ 

28 

1 

320 

More or less pure sand» large grained. 

29 

10 

330 

Very hard stiff clay, yellow and white streaky 

30 

10 

340 

clay. 

Decomposed rock and clay. Decomposed streaky 

31 

10 

350 

sandstone clay. White clay streaked yellow. 
Yellow, white and red streaky clay. 

Yellow and white clay. Yellow 

32 

10 

1 

1 

360 

and white chalky clay. White 1 
clay. Purple and brown clay. > Resembling 
Purple and yellow clay. Purple I chalk. 

33 

7 

367 

and white clay. ^ 

Crimson clay (decomposed laterite) ; yellow and 

34 

3 

370 

purple clay. 

Pink clay with some yellow and ^ 

35 

7 

377 

white purple clay. 1 

Magenta and purple clay. Stiff V Resembling 
clay and purple clay. i chalk. 

Yellow clay mixed with grey. ^ 

36 

3 

380 

37 

4 

384 

Light pink clay mixed with sand. 


(7) The Vtndkyans. 

The Vindhyans, like the Gondwanas, consist largely o( alternating 
layers of sandstone and shales, in addition to which, however, there 
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are great masses of limestone, The strata are older than those that 
make up the Gondwanas, and the sandstones are very much more 
indurated. This m\>st affect their permeability to a considerable 
degree, but whether so much as to prevent any decided flow, has 
never been tested. 

If the diminution of porosity caused by the induration of the 
Structure apparently sandstone docs not oppose too great an obstacle 
favourable. water, the Structure is in many 

places an ideal one for artesian conditions. For instance, the great 
spread of Vindhyans in Central India might be compared to a series 
of shallow saucers of varying composition and of gradually decreas- 
ing size placed one upon the other. If the materials composing 
any of those layers are fairly permeable, there must be many places 
in the Saugor district, and in Rewah, Bhopal, Gwalior, and other 
States and Provinces of Central India where the sinking of artesian 
wells has every chance of success. One experiment made at a 
suitably chosen place might at once decide the question for a 
very large area. The testimony of the only boring that penetrated 
into this formation, the one at Agra, is inconclusive : w’hether the 
flow of mineral water that issued from the boring proceeded from 
the Vindhyans or not, the locality is at the edge of the formation, 
and the boring did not traverse any of those great alternations of 
shales and sandstones such as would be met with at suitable locali- 
ties, and which, by their differences in permeability, might be ex- 
pected to provide the water-tight layers necessary for confining an 
artesian reservoir. 

A basin of very similar strata occupies considerable portions of 
Chhattisgarh. No experiments have been attempted there, but 
Mr. Medlicott, without giving any very decisive opinion, thought 
that the circumstances were fairly favourable. 

The Kadapahs and Karnuls of the Deccan are not unlike the 
Vindhyans, but they are generally more disturbed. 
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{<?) The Deccan Trap. 


A system of rocks whose capabilities as water-bearing strata cal! 
Need of more accurate further research is the volcanic series known 

information. u D^ccan Trap,^’ The immense area 

occupied by that formation has almost entirely escaped geological 
investigation* The series consists largely of basalt, a rock of highly 
impermeable texture, but it is not known to what extent the exist- 
ence of fissures and caverns may not affect its capacity in that 
respect. In some parts of the Bombay Presidency wells have been 
known to derive an abundant supply of water from fissures in the 
basalt. 

Moreover, the formation does not consist entirely of basalt : in 

^ some parts the sheets of basaltic lava are in- 

Com position. rr t 

terbedded with great masses of tuff of more 
or less open texture. During intervals between the volcanic erup- 
tions fresh water lakes were formed, in which sediments, the so 
called** intertrappeans,'^ were deposited. Some of them are very 
compact limestones, but others are sands of loose texture. All 
these fragmentary rocks, tuffs, and intertrappeans might occur so 
placed as to form artesian reservoirs. But in our ignorance of the 
geological details of the formation, the existence of such reservoirs 
can only be indicated as a bare possibility without any reference to 
particular localities. 


In the western portion of their outcrop, near Bombay or in 
Gujlrdt and Kathiawar, these rocks have under- 

Structure. 

gone a certain amount of disturbance. But in 
all other parts of the area occupied by the Deccan trap, the rocks 
are quite undisturbed and almost horizontal. Perfect horizontality 
of stratification would be incompatible with the existence of an 
artesian reservoir, unless accompanied (as it is sometimes) by 
irregularities of water-bearing capacity at various places. But it 
stands to reason that the horizontality of the strata that compose the 
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trap formation is only apparent. Basalt is not formed on the 
sea-floor by some mysterious process of crystallisation as was 
thought by the adept., of the school of the “ Neptunists '' during the 
early part of the century, but it issues in a semi-fluid condition out 
of volcanic vents. Lavas relatively poor \n silica and rich in iron, 
** basic ** lavas in fact, like those that constitute such a large propor- 
tion of the Deccan trap formation, flow much more easily than do 
the more siliceous or ^'acid ** ones. Yet their flow is not comparable 
with that of waters and when they solidify they are still in an in- 
clined position, however slightly so. The huge area covered by the 
products of the eruptions whose accumulated masses probably rose 
into high mountains, has now been levelled to the shape of a 
plateau, and the low angles of dip of the overlapping sheets of lava 
get lost in the irregularities produced by denudation. The forma- 
tion IS practically horizontal when considered as one mass, and has 
only been studied as such. But there is no doubt that a more thorough 
examination will reveal great complexity of detail notwithstanding 
the uniformity of the general features, and it is by no means un- 
likely that it may bring to light the existence of artesian reservoirs 
of a very perfect character, if of limited extent. 

An experiment which seemed very promising was undertaken 

Experiment at Mhow 1884 at Mhow in Central India. In June 

in Central India. 1884, a well was sunk at the engine shed of 

the Bombay, Baroda and Central India Railway. The junction of 
the moorrum,*' or decomposed basalt, and of the hard rock is 35 feet 
below the ground surface. ** Moorrum '' is the name given to a 
peculiar form of surface decomposition of the basalt : it is permeable, 
and from it the surface wells of a large portion of the Deccan and 
of Malwa derive their supply. In the present instance, a certain 
amount of water issued at the junction of the moorrum with the 
underlying hard rock. The well was deepened to 90 feet below 
the surface of the ground without coming across any springs. A 
2 \ inch bore was put down at the bottom up to 13 feet, which in 
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96 hours filled the well up to 41 feet 6 inches from the surface of 
the ground. The diameter of the well was 25 feet, and the spring 
had delivered 49,459 gallons. 

The locality does not seem to be in a very favourable situation, 
for it is only a short way north of the scarped face of the Vin- 
dhyan range.^ Thus the surface of the ground at the locality 
where the well was sunk is at a higher level than the neighbouring 
region at a short distance further south, and it could not be expected 
under such conditions that the well would overflow. The following 
views were expressed by Mr. Medlicott on the subject of this experi- 
ment: “It would seem impossible for a sufficient head of water to 
accumulate for a surface delivery at Mhow- On the other hand, 
trappean rocks are very retentive of water and thus favourable for 
constancy of supply. The streams in such a country carry water 
much later than in similar ground formed of other rocks. This cjpn- 
sideration would be in favour of a supply by deep wells, of which the 
engine shed well gives a very promising example.^' It is to be 
regretted that this experiment has remained an isolated one so far 
as is known. 

Besides the possible existence of reservoirs formed by loose tex- 
tured tuffs and intertrappean sandstones, or by fissures and caverns 
in the basalt itself, it must be kept in mind that the products of the 
eruptions have overwhelmed a very irregular ancient land surface. 

itreBuiarityofthe fl<»r I" the decomposed fock surfaccs 

underlying the formation, composing this old land area and the ancient soil 

must form a more or less porous layer at the base of the volcanic 
formation, and, if the shape of this underlying surface could be 
known, it would be possible to select some likely places for experi • 
mental borings, as the porous layer might be locally disposed in such 

1 The name ** Vindhyan " has been applied by the Geolog-ical Survey to a peculiar group of 
strata which have already been spoken of ; but in a geographical sense the name applies to the 
rectilinear scarp north of the valleys of the Nerbudda and Son, the eastern part of which consists 
of “ Vindhyan sandstones/’ but which, further west, is composed only of volcanic rocks. 
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a manner as to form underground reservoirs. In the Deccan the 
thickness of accumulated lavas and tuffs is so great that the under- 
Ijing rocks are concealed over considerable areas, and no accurate 
knowledge of the underlying surface could be arrived at except by 
a large series of experimental borings inr living an expenditure out 
of all proportion with any results that could be reasonably predicted. 
But in Central India, where the thickness is not so great, the under- 
lying rock shows itself in many places, and if these inliers of the 
older formations were mapped and their structure examined, it would 
be possible to arrive at a very fair idea of the shape of the sur- 
face upon which the strata of volcanic rocks are resting. I was 
able to ascertain this circumstance during a rapid inspection, which 
1 made in 1898, of a part of Bhopal occupied by that formation: 
small mounds of Vindhyan sandstone stand out here and there above 
the almost level expanse of basalt. These are the tops of hill ranges 
buried beneath the solidified flows of volcanic lava. Before the 
lavas were poured over them, the Vindhyans were acted upon by the 
agencies of denudation just in the same manner as at the present 
day, and the topographical features thus produced bear a very dis- 
tinct relation to their stratigraphy : once the lie of the different 
bands of strata composing them is revealed by the study of those 
inliers, it becomes easy to make out the shape of the surface with 
sufficient approximation, and thus decide on a choice of the places 
where water occurring at the junction of that old land surface 
and the overlying rock would be most likely to rise at or near the 
surface through a boring. 


(9) Other rocks. 

The alluvium, the tertiary, the Gondwanas, the Vindhyans and 
allied formations, and the Deccan trap are the principal formations 
within which there can be any likelihood of artesian water being 
found, although even in these rocks the chances are very uncertain. 
In addition to these formations, there are enormous areas occupied 
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by slates and metamorphic rocks, and by schists and gneisses^ some 
of wrhidi have a more or less granitic tendency. Their highly 
crystalline and compact texture is incompatible with the existence 
of any great store of water. The very rare cases in which a flow 
of water has been obtained from such rocks are due to exceptionally 
disposed fissures. Not only can the possibility of such an occurrence 
be only very rare, but such cases could never be predicted from 
observations made at the surface. All the areas occupied by these 
rocks should be left out of consideration in the problem of artesian 
water-supply. In 1884 a boring was sunk 
Boring at Vizianagratn. focks of this class at Vizianagram, notwith- 
standing the adverse circumstances of the case, and after being 
carried to a depth of 350 feet, it failed to procure any supply of 
water.^ 


(/o) Conclusion. 

In conclusion, it may be stated that the possibilities of artesian 
supply in India are not fully understood and have been very imper- 
fectly tested. But even if they lyere much greater than outward 
appearances would lead us to infer, still it would be a great mistake 
to think that they could be of the slightest utility in any extensive 
scheme of irrigation. On the other hand, leaving out of question 
the problem of irrigation on a large scale, there are many minor 
uses to which artesian water can be put to with great advantage, and 
viewed in that light, the subject is certainly deserving of attention 
and probably capable of development. 

> This boring is mentioned in the ** Geological sketch of the Vizagapatam District, 
Madras,” by William King. Rec. Geol. Surv. Ind., Vol. XIX, p. 143. 
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CHAPTER I. 

Introduction. 

When drawing up the Progress Report in camp on this field, time 
did not permit of roj discussing all the data known and 1 confined 
myself directly to the main object of thb survey, namely, ** Is there 
any likelihood of finding a workable coal-seam ?” Having now had a 
full opportunity of perusing all the papers relating to the various, 
apparently independent, explorations in this areti, 1 am enabled to 
discuss in greater detail all the facts known which tend to answer 
that question, to show what still remains to be done and how in my 
opinion a conclusion can most speedily and effectively be arrived at* 
The part of the coal-field here described lies in the Central Prov- 

PedtioB aed gmmni *^0“^ 22 miles N. N. W. of Sambalpur, 

Phypkal Features. Jn the bay formed by the junction of the 

Lilian nala with the Eeb river; its area is roughly 50 square 
miles. 
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The general level of the area is about 750 feet above sea-level. 
Apart from the Bilpahari range of hills to the north which rise some 
400 to 500 feet higher and form a boundary to the Barak ar rocks, and 
the hill, called Barakar on sketch-plan, to the south of Kiraruma, 
which rises about 100 feet above this average level, and perhaps the 
Luchkura range and Jamwapali hill, there is 00 very great depar- 
ture from this level. Nevertheless the country is by no means of 
even gradient, for rugged little hills covered with iaterite and thick 
jungle occur at every turn, and make the work of surface exploration 
a difiicult one. 

The symmetry of the sketch-plan attached is remarkable. The 
Eeb river and Lillari nala form a semi-circular curve having a 
centre situated somewhere in the Bilpahari range from which their 
tributaries evenly distributed appear to radiate. The rugged little 
hills above-mentioned, which form the watersheds for these tribu- 
taries, also possess a somewhat palmate arrangement striking ol^ 
from the Bilpahari hills and forming, as it were, the framework of the 
area. This symmetry is enhanced by the Bengal-Nagpur Railway 
line which forms a more or less inner concentric curve. 


The area has already been treated on by Dr. Ball, in the 
Records of the Geological Survey of India, Vol. 

Previpui writen. ^ . 

viii, Part 4, Dr. King, in the Records of the 
Geological Survey of India, Vols. xvii-3, xviii-4, xix-4, and xx-4, and 
by Mr. F. H. Smith, Deputy Superintendent of the Geological Survey 
of India. The former discussed it from a stratigraphical standpoint 
simply; the latter with a view to discovering its resources as a 
workable coal area. Dr, King’s coal explorations were, how- 
ever, very general— -extending over the whole of the Chhattisgarh 
coal-fields. The present exploration is confined to a much smaller 
area and partakes more of the nature of a detailed Geological 
Survey. 

The proposed construction of the Bengal-Nagpur Railway line 


Previoiii history. 


through this known Barakar area and the great 
distance to the nearest coal supply, Warora-* 
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tbc average lead from which source is S3S miles^rwg^ the 
question the coal resources of this field into prominence. 

One thick band ^ upwards of 40 feet of carbonaceous and greg^ 
hhales associated with some thin layers of coal near DurUpalii and 
several thin coal-seams near Bon|mri and Khaliabahali had long been 
known to exist in the Lillari nala. Dr. King was deputed to ex- 
amine and report upon the prospects of this field as a staple source 
of coal supply. Under his directions ten boreholes and one shaft were 
put down which gave such poor results that no further action was 
taken in prospecting for coal until the discovery of a seam of coal 
under the site of the Eeb bridge (see Plan) on the Bengal*Nagpur 
Railway. On this discovery a grant was made by Government to 
the Bengal-Nagpur Railway Company to explore the coal area around 
Telanpali. In this exploration five boreholes and one shaft were put 
down. The general result was not encouraging, but on the report 
being submitted to Mr. Griesbach, Director of the Geological Survey 
of India, he, not being satisfied that the lower measures of Barakars 
which usually contain the best coal-seams had been sufficiently proved, 
advised the deepening of borehole No. 4 (near Kodopali-*see Map) 
until the undoubted Talchir rocks were struck. In pursuance of this 
opinion Government sanctioned the work of carrying the boring to a 
depth of 600 feet. According to the boring record a seam of coal 
7^9^ thick, with a 6 ^ band of stony shale in the middle, was struck at a 
depth of 347 feet, then for a hundred feet a remarkable succession 
of alternating bands of thin coal and shale were encountered, and 
the remaining 38 feet passed through fine sandstone, the hole being 
stopped at a depth of 485 feet in this stone before reaching the 
Talchirs. This boring result was deemed by Mr. Griesbach suffi« 
ciently encouraging to advise going on with the work for another 
too feet or so until the undoubted Talchir rocks were struck, unless 
the crystalline rocks were struck at a lesser depth. The boring 
contractors, however, said that the cost of drilling to this depth would 
be very great and Mr. F . H. Smith of the Geological Survey of India 
was deputed t 5 visit thespot to ascertain whether it could be regarded 

( 3 ) 
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RB reawnably certain that two borings to a depth of 500 feet wonl# 
give the same information as one to a depth of 1,000 feet, ahd il 
Strong evidence existed in favour of this conclusion, to mark the 
exact position at which the second borehole should be drilled with 
reference to the one under discussion. The ei^amination did not 
answer this question and it was considered a better plan to select a 
site near Dhoramuda practically at the top oC 

Dhoramuda borehole. ^ 

the Barakars and bore through the whole thick- 
ness of the Barakars on to the undoubted Talchirs or metamorphics, 
as the case might be, it being then estimated that the total depth 
would probably be below 800 feet. A borehole was put down 
here to a depth of 828 feet and passed through several shaly coal* 
seams finally stopping in the zone of Barakar rocks exposed, I think 
in the Lilian nala near Piplimal and several hundred feet above the 
top, geologically speaking, of the Kodopali (No. 4) borehole. It wilh 
therefore be seen that the lower measures of the Barakars have not 
been proved as was intended. 

Before setting out for this area I was supplied with the one inch 

to a mile topographical map. It was my inten- 
Topopaphiod Map, ^ .1 . , , / . 

tion to put this map on a larger scale to make 

a working plan. Fortunately time did not permit of my doing this 

in Calcutta, for in the course of preliminary work in the field I was 

forced to the conclusion that the map was absolutely unreliable and 

not sufficiently accurate for recording geological observations. 

The sketch-plan accompanying this report is one 1 made myself. 

It is the result of a loose needle survey made 
Sketch plan. ^ ^ ^ prismatic compass held in the 

hand. The chaining was done by my chaprassis who had never seen 
a chain before ; any inaccuracies it may be found to corftain, and 1 
am alive to some, will therefore be readily understood. 1 did not 
intend at first to resurvey the whole area, but only the most crucUl 
portions of it and join these on to the Atlas sheeL But whew I 
found the latter so incorrect I was forced to complete the work foe 
the purposes of this report. Only ten weeks were sp^nt in thin 
( 4 ) 


Topopaphical Map, 


Skctch-plaa. 



GBOLOGY. 


irea, and before devoting myself to the direct object of this aufvey I 
had to turn my atC^nHon to these necessary though unforeseen 
-preliminaries. 

It will therefore be readily understood that my aitangement* 
lor accomplishing the intended object were impeded to avery great 
extent not more by loss of time than by fresh considerations intro* 
duced by the new map.^ 


CHAPTER II. 

Geology. 


The distribution of the rock formations is shown on the sketch- 
plan. 

The crystalline rockS| — chiefly massive gneiss striking gener- 
ally west-north- west and east*south-east— are 

Cryitalline rocka Coloured pink on the plan and form the bottom 

a geological basin upon the uneven surfaces of which the Talchir 
and over-lying rocks were deposited. 

The junction of the gneiss and Talchir rocks is plainly seen to 
the south-east of Kiraruma, where it is trace- 
able for some little distance to the south, and 
also in the neighbourhood of Putrapali.* The only other Talchir 
metamorphic boundary observed is the one shown to the north 
^of Malda in the Bonum nala. But crystalline fragments are abun- 
'dant to the west of Balputi and massive gneiss is exposed near 
‘the Lillari-Eeb confluence^ therefore the boundary must be just 
'north of these points. 


Talchir rocks. 


‘ As examples of the inaccuracy of the Topographical map I may mention— 
On Topographical sheet » Actual distance^ 

From Dariipali to LtUari-Beb junction, 6 miles • * 37 miles. 

From DuHipali to Bonjari-Sumra Road, 37 miles • « 3*6 miles. 

The Eeb river, south of Rampur (of the Map), is shown to be running due 
south, whereas it runs wesUsouth-west lor two miles. The Bonum nala 4 s moih 
•iuoamelfy deHneated. 

^ * This last place it was impossible to fix on the Topographical sheet, and M 

my own rough traverse does not Include It, 1 cannot show its position. ^ 

( ^ ) 
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Tbe TWldiir-Barakar (KjrfMtrbiiri 7) boondarjr is lairl^r weS- 
defined in the Lilian nala whore the fine-grained greenish grey 
sandstones of the Talchirs are seen within a few yards of the eoaite- 
grained Barakax sandstones. At this point the Takhars are striking 
nofth-east and dipping 5 ° to the north-west as also are the omlyiDg 
Barakara. The next well-defined Sanction going east is at tiie 
Rampur Ghat, on the left bank of the Eeb river, where the Tatchsr 
rocks are seen within a short distance of the Barakars. Again a 
quarter of a mile east of Rampur the Talchir sandstones are ob* 
served at no very great distance from the Barakars. East-south- east 
gf the Raiapuf Ghat about miles Talchir shales can be seen 
dipping in a very irregular manner, the main trend of which is norih. 
I saw no other decisive point to help in further defining this 
boundary to the south. On the west> although not actually seen, ih 
k fairly certain that the boundary flanks the left bank of the Bonum 
nab. from the north of Malda to f mile east of Kbit where 
it crosses the nala, sweeps round to the east of Jamwapali hill, 
swinging round to the west again on the north side of the bill and 
apparently striking the left bank of the Eeb river just south of 
Jamwapali village. From this point the boundary would appear 
to run practically north, striking the right bank of the Eeb river 
about i mile north of the Gorgor confluence. 

There is a good exposure of Talchir sandstones on the left bank 
of the Eeb opposite Gondgura. Previously a straight boundary line 
from the east of Jamwapali hill up to this exposure and continued 
up to the exposure north of the Gorgor has been drawn, but a sus- 
picious looking ridge running along the curv^ I have defined, seems 
to lend itself to a more natural delimitation. ^ 

It will be observed that Talchirs are also shown on the Plan 
faulted in to east of Gondgura. I shall treat on this exposure 
later in the paper. 

So far then it will be seen that the Talchir rocks line the crystal 
Rne basin, and that in no instance do the Barakar rocks come in 
( 6 ) 
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ctettfct witli ibe MetHmorpbics except perhaps to the west of 
.Kiraruma where a of metamorphlc rock is shows. % 

The thickness of the Talchirs has been estimate^l at 200 foai; 
from the few exposures where accurate ^ips and width of outcrops 
can BF taken it is difficult to arrive at an estimate, but aoo feet Is, 
1 thank, far too small a figure. 

No actual contact of Talchirs and Barakars was seen, but m all 
the cases where Talchirs were exposed in the 
Barskar Group. neighbourhood of Barakars, exposures of the 

latter where observed were always found to be dipping in the same 
directid^ and with practically the same amount of dip as the former. 

The Barakars of this area have hitherto been treated in a very 
general manner, so that a brief record of any well-defined divisions 
and their distribution will be of use for the purposes of this paper. 
Pour well Characterised divisions are noticeable. Beginning at the 
top these are 

A series of brown -weathering flaggy ferruginous sand- 
stones probably upwards of 100 feet thick, which appear 
to form a transition series from Barakars to Kamthis. 


2® A band of rather fine-grained sandstone of greyish color 
and about 40 feet thick. 

3® The measures composing the greatest part of the thickness 
of the Barakars, consisting of thin and flaggy sand- 
stones finely laminated micaceous sandstone, carbona- 
ceous and micaceous sandstone, carbonaceous shales 
with thin coal bands interspersed and shaly coal-seams. 

In this division it is remarkable that the argillaceousi 
arenaceous and carbonaceous shales predominate in 
the highest part ; that they are present in the same 
proportion as the sandstones in the middle part, 
and that the sandstones are largely predominant in 
the lowest part. This feature very soon strikes one on 
noting the sections exposed in the Lillari nala. The 
record of the borehole put down during 1899 near 
t)hdrSittUda shews the gradation Very well. By dividing 
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the borehole into three equal lengths, the tolloiving 
table shows the gradation « 



All the boreholes which have been put down to test 
this Field were started in this division of the Barakars, 
except perhaps Nos. 2a 3 and 4 of Dr. King and No. i 
of the Bengal-Nagpur Railway Company. The bore-^ 
hole 828} feet deep put down near Dhoramuda during 
1899 was started near the top of this zone, and I think 
the one put down during 1896 and 1897 near Kodopali 
(485') proves practically the bottom part. 

To judge from all the data at present to hand, this 
zone would appear to be about 1,600 to 1,700 feet thick ; 
it will be seen then that so far as these two boreholes 
(the Kodopali and Dhoramuda) are concerned there 
appears still to remain from 500 fret to 600 feet of this 
division to be proved. Horizontal section A will ex- 
plain this better. 

The sections of the two boreholes above referred to 
are appended and give in greater detail the succession 
of the rocks composing this division. 

The above division of Barakars includes in its lower 
part the seam of carbonaceous shale and coal exposed 
near Durlipali and also ** the tesselated ironstone bed ’’ 
of Dr. Ball exposed a little higher in the section. 
Where exposed and weathered this ironstone bed is at 
once recognised. Dr. Ball identified it at CbuakanU 
about five miles north«aostb-east of Dnrlipali. The 
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DurlipEli seam is about 500 feet from the bottom of Ihia 
division' 

4^ In this, the lowest division of the Barakars, the gradation 
from shales to sandstones pcinted out above appears to 
be completed ; no arenaceous nor argillaceous shales 
were seen. At the top come conglomerates, \ resting 
unconformably on white sandstone— see section B-— 
well exposed near the Eeb bridge both in the river-bed 
and also on the tops of the hills near Telanpali just 
north and south of the bridge. Below these come the 
typical coarse-grained Barakar sandstones towards the 
top of which a distinct white band of sandstone, about 
8 feet thick in places, occurs. These sandstones are 
100 feet or more in thickness and form the conspicuous 
line of hills running from Telanpali on the right bank 
of the Eeb to Malda on the left bank of the Bonum, 
ranging from 50 to too feet or more in height. The 
actual sandstones abutting on the Talchirs were no- 
where seen but the lowest observed were coarse-grained 
though rather fine-bedded and micaceous. 

The boundaries of the areas of the various zones into which I 


have divided the Barakar rocks are by no means 
*0 define all over the Field. It is possible, 
awwiai eon- however, in some parts to establish approximate 

boundaries between these zones and by means 
of these considered in conjunction with data obtained from boreholes, 
to fix the relative horisons of the various seams proved and to 
arrive at a fair estimate of the thickness of the Barakars not proved 
by boreholes. 

Considering first the lowest or sandstone series and starting in the 

The aiadfieiie congio- LiUari on the west, no conglomerates are seen 
Mieteioae. neighbourhood nor any of the massive 

coarse grits typical of this series. The hill between Kiramn^^ 
and Dnrlipali is of a type of sandstone (slightly massive) which can 
be seized to any of the series. Indeed, were it not that the rocks 
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trere eonfcraiabty dMerrfyiftg the Tatdiira^ doubts irduld arise as to 
whether these rocks belong to the lowest zone. 

Mere then it will be seen to be a drfiiciilt matter to fht ttie boundary 
between the lowest or sandstone eongloinerate seme and the next 
sbewe or sandstone shale sone. For the purposes of this report, 
boweimF, the botmdary may be assumed fo cut the Lillari just 
north of the Barakar hill midway between DurripaK and Kiraruma.. 

Gotag farther to the past the next most suitable place for 
eonsideration of this boundary is between Kodopall and Bundia. 
Opinion here can be based upon the KodopaK boring on the one side 
and the asstrmed presence of Talchirs near Btrndia in the Eeb on the 
Other. As regards the bcrehole, it appears to have been started 
at about the same horizon as a shale bed supposed to be identifi* 
able with the Durlipali seam. The borehole went down to 485 J 
feet and at 448 feet left the coal and shaly bed and entered 
into fine sandstone. This sandstone is probably the bed immediately 
overlying the conglomerates, and if such be the case marks the line 
of division between the two series. ATIowing 12a feet as the thick* 
ness of the lowest series gires it a total ot about 600 feet from the 
top of the borehole to the Talchirs. Ft is evident then that at about 
^tfa of the distance from the Talchirs near Bundia Co Kodopali boring 
the Kne of divisfon must occur. 

Following up the Eeb river from Rampur all the sections seen trp 
to Gondgara belong without doubt to the lowest zone. Half a mile 
«p the river from the Rampur Ghat, however, conglomerates are seen, 
so that, for our purposes, we may take the Kne as running just south 
of Tefhmcachar. 

The next point where anything like certainty obtains is near the 
railway bridge over the Lumchibahal nala where conglomerates are 
again seen. At Chuakanf, a little village i mile to the forth of 
Begmar and f west north-west of Job, the characterfstfc tesselkted 
fronstone previously mentioned is seen. Prom this it follows that 
the boundary must run on the ^'crop sidle (in this case eastward) of 
fltts exposure, the tessehifad fronstOne belonging to the zone above.* 
( to ) 
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TAmg fi through. Job itsM the hoandary must ma rocmd ttr the 
east of the hMs nortfi* of Chuakani and hence out of our area. 

On the plan accompanying this report 1 have washed the low eat 
zone dark neetral tint. 

ft will at once be noticed that the width of the area shown 
as occupied by this rone to the east is nmcli 

Evidenre of Fault. greater than that to the south and that such 

extra width is apparently due to a fault marked as down throwing 
to the east. The data d'eemed sufficient to warrant the assumption 
of a fault as cfelineated on the map are 

{a) Shales taken to be Talchirs were seen in the ModRa nala 
dipping west-south-west 15® and apparently cut off 
from the main bed by an mtervemirg band of Barakars. 
{ 6 ) The white sandstone ^and, in the lowest zone of BarakarS, 
is seen occupying positions explainable by a ftiuft. 
For lastance, it is seen capping the Jamwapali faiTl 
dipping at an angle of 5® to the south-west; nearly 
a mile due south-west it is seen capping another 
hill and dipping In the same directioni and also at 
Telanpali where it has been quarried for bridge-butfd- 
ing purposes. 

(r) At the Eeb bridge a seam of coal has been found underty- 
ing a conglomerate band. At three other points marked 
R^i on the map^ coal also underlying a conglo^ 
merate bed is observed. It is presumed that these are 
four exposures of the same seam. Such being the casej 
it is evident that the outcrop is dupficated. 

(d) The borehole No 1 of the Bengal-Nagpur Railway GOitr* 
pany’s grant put down^ under Dr. King^s directionsi 
about 150 yards south-south-west of the Beb brii^gdi 
failed to strike coal at a depth of 170 ft., alt&oagb had 
the rocks kept their regular dip the Eeb bridge seam 
should have been struck at a much less depth. 

It is upon the above evidence that I have felt mysSflf josfilied fn 
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tracmg tbe fault as shewn on the map, although in no instance Is 
any actual break of rocks observable. About a mile north <rf 
Rampur on the left bank of the Eeb river the rocks are seen to be 
twisted about in a very strange manner, and again about one mile 
south'south-east of Rampur near a village called Tangadula, Talchir 
shales can be seen within a small area dipping in many directions 
and evidently indicating some disturbance. 

If the estimate I have given of the thickness of the lower 
Barakar series be more or less correct, then from the map it will be 
seen that a very fair idea as to the amount of throw of the fault can 
be arrived at. Nevertheless it must be remembered that such 
thicknesses are only estimated, and moreover that the broad band 
marked as belonging to the first series of Barakars on the west (or 
upthrow) side of the fault is so deficient in good sections that qply 
little weight can be given to this as a factor in arriving at the 
displacement of the rocks. 

This zone, which comes next above the one just described. 

Sandstone ibtle tone. ®**«“'*® “P t**® ^illari to Dhoramuda, from 
\vhence its boundary sweeps eastward not far 
to tbe north of Belpahar station. The hills north of Job belong to 
this divisioni since the tesselated sandstone known to occur in its 
lower half is observed near Job, dipping westward, and somewhere 
betweeif these hills and the Bilpahari Sitaram hills the divisional 
line must occur, but the obscurity of physical relations renders 
iurther discrimination almost impossible. It may, however, be added 
that, owing to the high dip and rising ground in the direction of the 
dip, tbe width of the zone in the neighbourhood of Job is less than in 
the Lillari nala. 

The two upper zones being economically unimportant are not 
considered here. > 

These rocks which overlie the Barakars consist at their base of 
brown weathering coarse-grained ferruginous 
•ffiirAi*. sandstone. Since the conformity or otherwise 
i»f these beds with the Barakars is their only feature which is of use 
for the |Hirposes of this report, their higher beds were not explored. 

( ) 
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The relation of the Kamthia to the Barakars has freqitantly been 
considered. Dr. Ball favours the idea of an* 
Cooformity. Conformity but states that no actual section 

exhibiting unconformable superposition can be adduced. Dr. King* 
(Rec. Geol. Surv. Ind., Vol. XVIII, pt 4, pp. 195 and 196) says in 
reference to this area : did not come across any section showing 

actual contact of the Kamthia on the Barakars, but there alwaye 
appeared to be perfect conformity between the two.^’ In Rec. Geol. 
Surv. Ind, Vol. XIX, p. 220, however, Dr. King concurs with 
Dr. Ball's view of unconformity. 

So far as the area here described is concerned, the whole facies of 
the occurrence of the one formation on the other gives one the idea 
of perfect conformity and for the purpose of this paper 1 shall con- 
aider the relation as such. 


CHAPTER III. 

Co^ Explorations. 

The boreholes put down during 1891 and 189a by the Bengal- 
Nagpur Railway Company and all put down since are here considered* 
Boring explorations previous to that date have been treated on by 
Dr. King in the Rec. Geol. Surv. Ind. The sections of all the boreholes 
referred to will be found in the appendix. 

After the discovery of coal on the site of the Eeb bridge, six 
boreholes and two small shafts were put down. 

N0» / Borehole was put down 230 yards south-west of the most 
westerly pier of the Eeb bridge. 

No» 2 Borehole and a small shaft near the village of Luchkura. 

No. ^ Borehole described as situated li miles from the west 
bank of the Eeb river and 2i miles south of the railway. On reference 
to tb^e map this will be seen to be incorrect. 1 am unable therefore 
to mai^k the site on the plan annexed.^ 

No. 4 Borehole and a small shaft are near Kodopali. 

* The sketches to hand purporting to shew the sites of the boreholes afS oi 
very little use^ being tracings (and sometimes very rough ones) oT the topograph^ 
cal map. 
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S near Job, moctb oC the Railway. 

if 0 * 6 Borehole near Dboramuda. 

The coal, found at the Eeb bridge (hereinafter called the Eeb 
nrer seam) appears to occur only in the eastern half of the riser* 
bed. Accurate lesela were taken of the aandstone underlying the 
seam and indicated a dip of ij® approximately to the east-north- 
east ; the snrronnding rocks however gave a dip of 5® to the south- 
west* As before stated No. i borehole was put down to the south- 

tio. I borehole and ^fest of the bridge to provc the extension of 
the Eeb Bridge Seam. direction, it was expected 

that the Eeb river seam would be met with at a depth of 90 ft. 
at mosti but although the borehole was carried to 170 feet, no trace 
of coal was found. 

In a report drawn up in 1892 on this exploration Mr. C. J. Dalby 
(Assistant Engineer of the Bengal -Nagpur Railway Company) hat- 
shewn in a very lucid section what appears to be the relation of the 
borehole to the Eeb river seam. 1 have reproduced this section— 
Horizontal Section B.— as it represents also my own idea on this 
point ; but \ must add that 1 differ from Mr. Dalby on the question of 
the general correlation of the seams shewn with those in the neighbour- 
hood of Du rlipali— there appears to have been a general consensus 
of opinion that the Eeb bridge seam was the same as the seam 
exposed, near Durlipali, in the Lillari, 6 miles west*south-west. The 
conglomerate shewn in the section is at the top of the lowest of the 
zones into which I have divided the Barakars. 

In my own exploration in this area I was successful in unearth- 
ing a coal-seam outcropping at two points on the left bank of the 
Eeb about 1} and 3 miles down the river from the bridge, K’' and 
R* on map. 

That the seam unearthed at the first point R^ is the same 
as the Eeb river seam the associated strata would appear to place 
beyond oubt, the overlying conglomerates being well in evidence. 
As regards the more southern exposure R* (near Rampur) 
identification is not so easy. No rocks are visible Cor some little 
distance on either sidej and such as are seen are pitching about at 
( 14 ) 
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high ttoglet to aH dhreetioiM. Still a few oeogloiiierales wocvr ia the 
neighbourhood, and moreover the aectioo of the seam^ as deep as the 
pit sunk into ft would be taken with the labour at hand, was to a 
favourable degree analogous with the more northern section, ao tiiit 
one is justified in assuming this to be also the Eeb bridge seasL 

Reverting to Mr. Dalby's section-^Hor. Section B^of tbe strata 
near the Eeb bridge, the coal-seam euposed at Lumchibafaal bridge 
(R^ on Map) is shown as analogous to the Eeb river seam. Now 
although before studying this section I had, judging from tbe asso- 
ciated rocks, arrived at the same opinion quite independently m)self, 
it is perhaps only right to remark that the distance from the Eeb 
river seam to the Lumchibahal seam (R*) is 1 } miles and that 
good exposures are very few in number. It will be seen then that 
this correlation is open to doubt, but such unlooked for support 
is, I think, sufficient to allow of its being considered as above 
stated. 

On such grounds then the Eeb river seam can be said to have 
been proved at four points. With the exception of the bridge 
itself, holes were put down this season at all of these points and the 
sections as deep as the pits could be carried with the labour at hand 
are 
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No- 9 borehole, 
Luchkurm. 


When the first borehole failed to strike this Eeb river seam thd 
idea of a fault downthrowing to the east appears to have been worked 
upon, and a borehole was started at Luchkura a little over 2 miles to 
the westward. Now the surrounding rocks are dipping at an average 
of I in 12 to westward, so that one would expect to find the out- 
cropping rocks at the Eeb bridge about 900 feet deep at Luchkura, or 
assuming 900 feet of an upthrow to westward, surface rocks at the Eeb 
bridge to be at the surface at Luchkura. But although the idea of the 
throw of the fault is a very rough one we know that it can be but very 
little above 200 feet, if that much, and therefore a seam on the surface 
at the Eeb bridge should be expected to be about 700 feet deep at 
Luchkura. The borehole was 41 feet deep, and from the section it 
will be seen that four feet of coal was struck at a 
depth of 29 feet and that afterwards eight feet of 
shale was passed through. Strange as it may appear this coal-seam 
was at once said to be the same as the Eeb river and Durlipali seams. 
The difference in thickness was accounted for on the supposition that 
the seam had not been struck at the top but somewhere in the middle. 

To further test the seam at this point a small shaft (53 feet deep) 
was put down a little to the west of the borehole and it was expected 
to have to go to a depth of at least 50 feet before touching the 
Luchkara seam. At 36 fect, however, coal was struck and a 

1 7 feet seam passed through, the shaft being stop- 
ped in sandstone. The Assistant Engineer (B -NtRy.), who was in 
charge of the shaft at the time, gave it as his opinion that the seam 
bored through in the borehole had not been struck in the shaft. 1 do 
not know the distance of the borehole from the shaft, but it seems to 
me that since four feet of coal was anticipated at 50 feet deep and the 
shaft was passing through coal at that depth and left it at 53 feet, 
some reason should have been given for the opinion. One pointy 
however, is certain, that if the seam in the borehole and shaft are 
not the same, the lower one, borehole seam, must be direectly below 
the upper one, since the bottom of the 17 feet seam is 3 feet lower 
than thet level at which the top of the borehole seam was eiMnuitedtp 

occur. \was fortunate enough to see some of this seam which had 

^ 
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been extracted lying by the side of the shaft. The heap had certain- 
ly been weathering for eight or nine years, but nevertheless it bore so 
great a resemblance to the Durlipali shale bed that I have assumed it 
to be the same ; no data at present knowr except perhaps the differ- 
ence of thicknesses of the seams — which, at such distant points as 
Durlipali and Luchkura, ought not to be allowed much weight— 
militate against this assumption, but opinions formed afterwards 
tended to confirm its correctness. 


Reverting again to horizontal section B of strata near the Eeb 
river, borehole No. 2 (Luchkura) is seen so placed as to show that 
the seam it struck was the same as that exposed near Lumchibahal 
bridge, which I have correlated with my Eeb river seam. Consider- 
ing now that the distance from Lumchibahal bridge to the shaft at 
Luchkura is a mile and a quarter and that the rocks exposed 
between these places are dipping at 5® to the westward, such correla- 
tion requires corroboration. Until such is forthcoming all that can 
safely be assumed must be based upon the dips of the rocks. Con- 
sidering such then we can only say that at the Luchkura shaft a 
seam of coal seventeen feet thick has been proved, and that, from the 
dip of the strata, this seam appears to be overlying the coaUseam 
exposed at Lumchibahal bridge, from which it is apparently sepa- 
rated by a thickness of from 400 to 500 feet of measures. 

If then the Lumchibahal bridge seam is, as I believe with Dr. King 
and Mr. Dalby, the same as the Eeb river seam and the Luchkura 
seam is identical with the Durlipali scam, it follows that the Eeb 
bridge seam appears to be some 400 to 500 feet or more below the 
Durlipali seam and this I am inclined to believe is the case. The 
next borehole, i,e., No. 3, which might have 

Bortliole No. 3. . 1 . *!.• 

‘given some evidence confirming this, cannot, 

however, be considered, its exact position not being known. 

The Kodopali (No. 4) borehole does not afford any direct evidence 


Kodopali, which correlation of seams can be made 

No,4BorehJ)le. depth of fect a 40 feet scam of coal 

was struck. To prove this scam of coal on a larger scale 


( 17 ) 
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an, experimental shaft was sunk on to it and seve^a\ ol- 

coal extracted. 1^ have npt seen anjr repor^ oo^ t^iCi tp^sts, 
with the coal extracted, but from the appearance pf t^e cq^, 
stacked near the shaft, I would have judged t|ie, seapi as^ wofthr, 
less: subsequent experiments confirmed this, TJie, origieal depth 
of the borehole was only 6o feet, it having been, thought, unlikely that* 
there was more coal at a greater depth. As^ explainjed previonslyi^ 
Mr. Griesbach, Director of the Geological Sujryey, was not sa^Uhedj 
that there was no more coal at a greater depth, and Gove^rn.iqent 
acting on his advice sanctioned the deepening of the I^odopali, 
bprehole until the Talchir rocks were struck. This borphplc. was. 
stopped at a depth of 485 feet, before reaching the Talchirs. 

The coal proved by the borehole, at a depth of 1 5 feet, and ip , 
the shaft, was described as evidently the same as the Durlipali 
and Eeb river seams. The Kodopali Diamond Drill boring 
appears to have been put down on this assumption and is therefore 
supposed to have proved nearly 500 feet of measures below the 
Durlipali seam. 

Now beyond a similarity in the appearance of the seaix^s^and a, 
Kpd^aHN.?. 4, Diamond very rough alignment of the Kodopali boring 

Dull boring. strike of the Durlipali seam, there 

are no grounds that I know of for correlating the Durlipali anfj,, 
Kodopali exposures, and when it is remembered thpt the distance 
from the Durlipali outcrop to the Kodopali boring is three mile^, 
such an assumption can be, to say the least, only of little woftb*. 
There can be no doubt that the ground proved by th^ Diamond 
boring is near the base of what I have made my third zone, bjut at 
present there are no data sufficiently well substantiated to fix the 
exact horizon of the top of the hole. My own opinion is that it is 
some 200 feet or more above the top of the Durlipali seam. Be that 
as it may, the borehole verifies the Director's opinion that, coal dpes 
exist below the seam proved in the shaft, and generally gives 
results sufficiently encouraging to justify, furtl^pr exploration of the 
lower Barakars. 

( 18 ) 
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WotMMmfri Oh resading the record of the Kodopali 

. K^^ifborins. boring, I selected srir bands of coal wortby> of^ 

consideration, natnelyf:*<-> 

fihi fMi«ab depth of ^e foet and described in the boring reconl^ 
feet of shaly coal with a inch and 41 inch shale partings* 
A%4 a depth of 34n>fect 6 inches and described* in the 
record as composed of— 


GaI (shaly) . 

Coal r • . . 

Carbon acooua shale 
Coal (shaly) 

Coal .... 
Coal (shaly) . 


g' 6" of coal, and 1 ^ 0 '' of 
r shahs. 


No* J^at a depth of 352 feet 8 inches and'composed of- 


Goat .... 

Carbonaceous shale 
Shaly band 

Coal .... 
Coal (stony) . 

Coal .... 


o 6 1 g' 7 " of coal, « V' of shale 

4 6f 


No* 4r^dX a depth of 36 1 i feet and described in the record 
as composed of— 


Stronacoal' ^ , m » 

Coal 4 ioh 

No^ a depth of 375 feet 9 inches and described as 

composed of — 


Coah a 6 

Coal (s'ony) .... . . o 6' 

Coal I i o \ 

Carbonaceous shale . . . . o 3 ) 9 ' 3* coal, i' o" shale. 

Coal eg 

Csrbenaoeoue shale . . o g 

Coal 36 

No. d— at a depth of 388 fiet 7 inches and dfescribted^ a« 
composed of — 


Coal 

Coal (stony) . 
Cba|t> 

Coal (stony) . 
Coal (fair 1 f(A>t) 
Coal^ 


o 3 coal, 

o gf 
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Had these sections been correct, each one of the above seams 
would have been thick enough to be worked at a profit supposing 
the coal to be of the average Indian quality. On comparing the 
record with the boring cores, however, I found that, with the excep- 
tion of No. 3, each one of these seams had been badly recorded; 
carbonaceous and even argillaceous shales had been raised to the 
dignity of coal to such an extent that the idea of working these 
seams (except No. 3) could not be entertained. The section of 
No. 3 would be more correct if stated 


Coal 

Carbonaceous shales. 

Coal 

Stonjr shale 

* 

Coal 

Stony shale 

• 


. . . 3 ON 

. 4 7 

. o 517'i^ofcoaL 
. . . 2 o 

. o 7 

. . .06./ 


It has been remarked that the object of the Kodopaii borehole 
Dhoramada, No. 6 was to prove the lower Barakar measures. 

Borthoie. present as stated the lower Barakars 

have not been touched. It was evidently with this object still 
in view that the Director of the Geological Survey advised the 
deepening of the Kodopaii borehole. Could this have been carried 
out at the time, a definite opinion as to the value of the field 
would in all probability by now have been arrived at. Unfortu- 
nately the boring contractors were not equipped with deep-boring 
tackle, and when later the work of proving the lower Barakars 
was undertaken, it was considered a better plan to bore through 
the whole thickness of the Barakar rocks. Owing undoubtedly 
in a very great measure to the inaccurate topographical map the 
thickness of the Barakars appears to have been under-estimated 
and as a consequence the site of the borehole— Dhoramuda— was 
chosen, too high, geologically speaking, for the object of the bore- 
hole to be accomplished with the tackle at hand. 

It must not be understood, however, that this boring has served no 
useful purpose, for it certainly has proved that at this spot and 
consequently at all others on the same geological horizon, the depth 
at which good coal lies in the lower Barakar measures (supposing it 
( ao ) 
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to exist there at all) fs such as to render it unworkable in the 
present state of Indian mining. 

In a direct line from the Dhoramuda (No. 6) to the Kodopali 
(No. 4) borehole is a distance of fully six miles. The country is 
very jungly so that good surface exposures are practically absent* 
Under these conditions it is obvious that any figures intended| at 
present, to fix the relative horizons of the Kodopali and Dhoramuda 
borehole must be viewed with a very elastic mind. I have stated 
earlier in this paper that there appears to be still a thickness of 
some 500 to 600 feet of measures between the bottom of the Dhora- 
muda and the top of the Kodopali boreholes, but for the reason 
given above this can be but a very rough approximation. 

Owing to their different geological horizons no correlation of 
seams in the (Dhoramuda) borehole can of course be established 
with those of the Kodopali borehole. Nos. 5 and 6 boreholes of 
Dr. King (Rec. Geol. Surv. Ind., Vol. XIX) appear to have passed 
through the same rocks as the Dhoramuda borehole. 

The scams met with at depths 184. feet and 62 feet in No. 6 bore* 
hole (Dr. King) may be taken as the represent* 
Dhoramuda to those atives of the seams proved by the Dhoramuda 
&eol. Surv. Ind.^ ^ Vd! borehole at depths of 772 feet and 685 feet 9 
inches ; and those at 203 feet, 1I4 feet, and 37 
feet in Dr. King’s No. 5 borehole as representatives of seams proved 
at Dhoramuda at 471 feet, 338 feet, and 309 feet. 

The data for such supposition are as follows:— 

Dt King’s No. 5 borehole lies (as nearly as I can gather from the 
Records) f mile to the rise of the line of strike 
(1890) of the beds at the Dhoramuda borehole. The 
dip is not very constant over the intervening 
country, but 1 in 12 is perhaps a fair average. From this it can be 
found that a seam near the surface at the No. 5 borehole of 
Dr, King (near Khaliabahal) will be about 276 feet deep a^ 
Dhoramuda. This gives the correlation for Dr. King’s No. 5 bore- 
hole, and since the main sandstone bands fall in more or less 

( 21 ) 
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with this^ little ck>abt can femaia 41s ^to its ^probable ooprootness. 
Reasoning similarly with Dr. King'« No. *6 »berFdhole the cafboa- 
iferoos bands proved can be oorrd^ated as illustrated. This coirela- 
tion is df great use in indicating wbtdi ctf the aeams 'proved by »tfae 
Dhoramuda bordhole are exposed in the LHlaii iia!la. For instance. 
Dr. King (Rec, Geol. Surv, Ind , Vol. XtX page xia), shews 
that the first coal struck in his No. 5 borehole was the same as that 
exposed near Khaliabahal and the first in his Ne. 6 borehole that ea- 
posed near Bonjari. From the boring record of the Dhoramuda hole 
one is able to mark out eight oeamsoC coal as appearing to he of 


workable thickness Ft. dee. 

I** described «« 44 ft. of cstfboasceous sIttleAPd toftl W 355 

16 ft. of coal (shalj) at 3^^ » 

3° ,, t, loft, of coaWshalyl at • • • • • 47 i »» 

4 * >» fi 3^6 ms. coal (^ly) ct • . • • 504 »• 

^ jj M 15 ft. 6 ina coal shalv) at .... 644 f» 

^ ,, ,f 9 ft. o ins. coat (shaly) at .... 67a ^ 

M M S R* 9 ms. coal (shaly) at .... 6852 „ 

8^ •• „ 4ft. o ins. coal (shaly) at ...» 7SS »» 


On looking at the boring core it can at once be seen that 


No. I in Dhorantitida 
borehole, the ghaliahahal 
o«posu«e. 


Nos. I, 3, 4, 5,6 and 7 can be dismissed irom 
further consideration as of no practical use 
whatever, being simply cases of hat, i.e > 


bituminous shales-^sometimes grit sandstones included,— raised to 


the dignity of coal. It is of interest to note, however, that No. i is 
indentical wdth the Khaliabahal exposure. Now during my wodc 


in the field this season 1 sank a little shaft in this exposure and 
satisfied myself that it did not contain coal of suHicient thickness 
or quality good enough to be workable. 


The section obtained was; — 

Ft. Ifu 

Tpp cbiy 

Shftlc • . • • •• • • *.04 

Coal ••#•##••*•••04 

Shale 04 

Shale with coal pipes 14 

Shale 

Cptl • . . • . • • • ■ • • *06 

Shale 

Coal 

Shale 

Sandstone base 
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IfB^re is as \vill be seen i foot of coal in the whole ^iection. To 
^rbfm an itfea of^he nature of such coaTs^ I extracted some of this fbbfc 
of coal and tested it getting upwards of 35 per cent, of ash. Dr. King^t 
'g^^neral analysis of the whole seam gave : — 


% 

Moisture ...... .... 8‘do 

Volatile matter .... aa*ai 

Fixed carbon ..... ..... 35*16 

Ash 44*43 


100*00 


Perhaps also it will be as well to record that the No. 7 seam is 


No. 7 in DhoramuHa 
borehole, the Uonjari 
exposu.e. 


the one exposed near Bonjari and therefore 
the same as Dr. King's 7 foot seam at 62 feet 
deep in his No. 6 borehole. I also sank a small 


shaft into this exposure Und obtained the following section 


Ft. In 


Caibonaceous shale 

Ironstone ..•*••.....03 

Carbonaceous shale .33 

Coal 

Carbonaceous shale to 

Coal 05 

Carbonaceous shale .........09 

Coal 05 

Carbonaceous shale 14 

Coal a 


Carboitaceous shale 
Sandstone base 


Here again then is an insignificant thickness of coal. A test on 
the coal alone gave upwards of 35 per cent, of ash. An average 
Analysis throughbut the seam is given by Dr. King 


% 

Moisture 6*44 

Volatile matter 95*03 

Fixed carbon 99* aa 

Ash 39*31 
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These two seams just discussed (Nos* i and 7) may be tajcen as 
typical of the other four (Nos. 3, 4, 5, and 6), and all can therefore 
be dismissed from further consideration. 

This leaves us then with only two (Nos. 2 and 8) coa1«seains of 
wwkable thickness in the Dhoramuda borehole. No. 2 described in 
the Record as 16 feet of shaly coal appears from the core to be-— 

Coal 

Shaly band 
Coal 

Shaly band 
Coal . 

No. 8 is as described 4 

CHAPTER IV. 

Workable thicknesses of coal proved. 

So far then only four seams of coal out of the many struck have 
upon examination proved to be of workable thickness. Beginning 
at the top and in descending order these are 

The seam proved in the Dhoramuda borehole at a depth 
of 309! feet, the section of which is given just above 
and is shewn to be composed of 7 feet 34 inches coal 
with one foot of shale interbedded. 

2° The seam proved in the Dhoramuda borehole at a depth 
of 768 feet, containing four feet of coal. 

3° The seam proved in the Kodopali borehole nt a depth of 
35*3 feet, composed of 7 feet 1 inch of coal with 
one foot of shale interbedded. 

4® The Eeb bridge seam of which the best section obtained 
shows 7 feet 10 inches of coal with 8 inches of bat (hard 
bituminous shale) interbedded. 

I have made careful analyses of these four 

Quality of the coal. * •' 

seams and tested their calorific powers. 

It must be remembered, however, that the samples of Nos. i, 2> 
and 3 seams, of which the analyses were made, were taken from the 
cores of the diamond drill boreholes put down in February 1899 
( 24 ) 
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(Dhoramuda) and 1896 (Kodopali). The cores had of course 
weathered, but I am inclined to think that the analysis may be taken 
as fairly representative of the seams^ in the neighbourhood of the 
boreholes. 

The tests on the Eeb bridge seam were made on fresh general 
samples extracted by myself from little shafts put down this year 
near the outcrops. 

The following are the results of the analyses : — 


No. I. — Dhoramuda at a depth of 309J feet. 



Tops' 7". 

Middle i' 

Bottom 1' { 


% 

% 

% 

Moisture 

7*3 

7‘9 

9-8 

Volatile matter . 

. 21*9 

254 

2i i 

Ash (white) 

. . 40*0 

35* » 

307 

Fixed carbon 

. . 30‘8 

31*6 

38-4 


100*0 

mo 0 

100 0 


No. a.- D horamuda at a depth of 768 feet. 




Moisture 

. 

6-2 

Volatile matter 

. • 

19*0 

Ash (yellowish white) 


31*4 

Fixed cat bon 


43*4 



100*0 


No. 3.— Kodopali at a depth of 352? feet. 


Moisture 



Top 4' 7". 
% 

. . 4*6 

Bottom 2 ' 6 ' 
% 

7'5 

Volatile matter 

, 


i7'S 

19*6 

Ash (reddish) 

, 

, 

35*3 

34*4 

Fixed carbon 

. 


43*8 

38*3 




100*0 

too*o 
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No. 4 .— The Ebb BkiOge Sef4{<ii. 



R7 (south of 

R" (near 


Bridife). 

Rampur). 


% 

% 

Muistuie .... 

. . . 80 

90 

Volatile matter 

20'9 

»4'3 

Ash (buff) .... 

x 8*9 

iifl 

Fixed carbon 

52'i 

54’9 


1000 

lOO’O 


No. I. 


Considering the above results it will be sren that Nos. i, 2, and 
3 are not of good enougfh tJtiaHty to be bf thehrselves wforkable and 
it is a question whether No. i can at present 
be profitably used for any purpose. As time 
goes onjbowever, it is not unlikely that a seam even of this quality 
may be in demand, but for the present I do not think such a seam 
can be considered as a factor in the value of the field. No. 2 is a 
little better, but is a thinner seam. It is not, 
Nos, 2 an 3. however, unlikely that in the near future this 

seam together with No. 3, which is of about the same quality, but a 
little better section, Italy be worked for local consumption, mills, etc. 
For high temperat^jre, smelting, etc., the seam is of but small 
value. 

No. 4^ is the seam “ par excellence'' of this coal-field. The coal 
is of good steam quality and is eminently suited for locomotives or 
stationary bailers. It is free burning, does not clinker and leaves 
a buff coloured ash. Its average calorific power is 127. It is non- 
caking and compares very favorably with Raniganj coals. 

The Eeb river seam then if it can be proved to cover sufficient 
Eeb River Sekm. Workable area and maintain section and qual- 
Practical considerations, ity similar to that proved at the two exposures, 


* The analyses of the samples from the two outcrops of iKls Seam, ie , R7 and 
R®, will be seen to differ considterably in amount of ash. In the earlier part of this 
paper 1 have reasoned that the"^ outdrops are outcrops of the same seam. The 
possibility of their being two seams must not, however, be overlooked; in fact the 
difference in percentage of ash Is dn argument in favour of this, but perhaps not a 
very strong one, since the two exposures are a mile and a quarter apart. 
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R 7 ani K®, can be eensidered, *p&r w, ptdfitaBly iJvotWH^. 'TPheiie Is 
every reason to suppose thdt the seam cfxtfifids over *the grtearter pot- 
tioB of ihe Barakar area being low dowti in the ®arakar horisoo. 
On the sketch-plan I have marked vibstt from present gedfogicSil 
data would appear to be the outcrop di this aeam, but as has been 
previously remai^ked, data are very few and surface evidence wantingi 
so that the mapping of the outcrop can nnly be lodkefi on as an 
approximation. 

The question arises as to how to prove the extension and capabil- 
ities of this seam. The best way, of course, is to pro\e fhe outcrop 
of theeeam for some distance. Starting say from K® exposure near 
Rampur a series of hand boreholes might be put down along a 
line going westward towards Durlrpali, Such boreholes, however, 
must be put down in a systematic manner and the exact relation- 
ship of the section of any one to that of the previous ohe and the 
Eeb river seam be ascertained before another borehole is put down 
further to the west. The same method might also be applied along 
the line of the outcrop marked as running northwards from Rampur, 
but sufficient ground would, in all probability, be proved in the first 
case to warrant mining operations and plant. As far as the outcrop 
on the right bank of the Eeb river is concerned, it should not be lost 
sight of even if, as supposed is the case, it represent a patch cut off 
by a fault from the main area. There is ample room for a small 
plan ; it is not unlikely, however, that water will he a trouble. 

1 have stated previously that the bottom of the Dhoramuda 
borehole appears to be from 500 to 600 feet 
General consMeration. ^ihove the top of the Kodopali borehole and that 

the bottom of the Kodopali borehole has not strurk the Talchirs. 

Sketch section A illustrates what I think is approximately the 
relation of these boreholes to one another. I have scored in red fhe 
lengths unproved by the Dhoramuda and Kodopali boreholes which 
may amount to from 600 to 800 feet or more. 

The thickness of measures above the Kodopali borehole— refer- 
ence B in Horizontal Section A. — appears to have been proved by 
Dr. King (Vol. XX, Rec. Geol. Surv.Ind., boreholes Nos. 7 mtd 8), but 

^ ( 27 ) 
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since no record is kept of the exact positions of the boreholes put 
down in this exploration and no relationship definitely established 
between them, it is not possible to draw up a complete vertical section 
nor even to be certain that the ground is thoroughly proved. However 
by surface observations 1 satisfied myself that no workable coal- 
seams were present in this zone, and 1 am therefore able to dismiss 
it from farther consideration. 

As regards the lower unproved length— reference D, Section A — 
it is in this zone that the Eeb river seam occurs. I gave special 
attention to the area occupied by the rocks of this length, but was 
unable to get data from which to compile a complete section. In 
my preliminary report on this area I advised that a borehole should 
be put down to prove this lengthor he Kodopali borehole com- 
pleted to the Talchir Rocks. A good place for such a borehole 
would be I mile east-south-east of Kodopali. A borehole so placed 
should pass through the Eeb seam and be of great help in fixing 
its exact horizon and facilitating the determination of its outcrop. 

From a commercial point of view then 1 would advise further 
enterprise, a good seam of steam coal and also 

Conclusion. 

two seams of coal of rather inferior quality, but 
of workable section (which might be used for mills and local con- 
sumption j having been proved to exist within easy reach of the 
railway. It is necessary, however, before putting down plant to 
work the main seam, to prove its extension. It has been recom- 
mended that, while this work is being undertaken, the lowest 2oo 
feet of the Barakar measure should be proved by a Diamond boring 
put down on to the Talchirs about | mile east-south-east of Kodo- 
pali. It is not possible to state with any idea of certainty what the 
actual depth of such a borehole will be, but I do not think it will 
exipeed 6oo feet— it will probably be much less. 


( ) 
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Boring Records, Rampur Coal-Field. 

The Dhoramuda Borehole^ Lillari Valley. 

Strata passed through. Thickness in feet. 

Alluvial clay (sandy) . 14 

Soft loose brown i^rey sandstone (coarse) •••••• 5 

Brown and white sandstone 6 

Carbonaceous shale 

Sandstone 

Grey sandy shale ••••••••••3 

Dark shale ••••3 

Grey sandy shale 

Dark slaty shale ..••••••••3 

C>rey sandy shale 7 

C'othl 

Shale (sandy) 6 

Sandstone ••.••..•...5 
Cot*l •*••••••••••0 35 

Shale, grey • • • 7*5 

Coal ■■•••••••••• 1*75 

Sandstone 

Sandy shale « 4 

Carbonaceous shale .... ..... 0*5 

Sandy shale 3 

Shale clay ...........4 

Sandy shale 6*5 

Grey sandstone 6*5 

^jrey shale ...........i 

Grey sandy shale 6 

Shaly sandstone .......... 7 

Coal (shaly) ........... 1 

Shaly sandstone and grey shale >9*75 

Coal (shaly) ........... 1*25 

^jrey sandstone ^ . . . • .i8 

Coal (shaly ). . . . . . . . . .1 

Grey sandstone shales 26 

Coal (shaly) ........... 2 

Fossiliferous shales .......... 14 

Carbonaceous shales carrying thin bands of shaly coal . .10 

Sandy blue shale .......... r 

Shale carrying coal o' 2$ 

Grey shaly sandstone 4i'75 

Carbonaceous shale and coa/ (shaly) • . . . *24 (1) 

Blue and grey sancUtone (shaly) 30*75 

Coal (shaly) 16 (a) 

Argillaceous shales 12*35 

Carbonaceous shales with 3" to 6" lands of 'Coal and s\aly coal . 31*5 

Grey sandstone • . . 54*5 

Grey and blue shaly shales ........ 50*75 
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Black trap and carbonaceoui shale . 

Coal (shalyj 

Grey and blue shales 

Coal (shalv), ..... 

Blue and Efrey sandy shales 

Coal (shaly) ..... 

Blue «nd grey sandy shales 

Coal <shaly) 

Grey sandstone carrying strings of coal 

Coal (shaly) 

Grey sandstone .... 

Coal (good) 

Grey and bl ue shale and sandstone . 

Coal (shaly) 

Sandy grey shales with 3'' seams of coal 

Coal (shaly) 

Carbonaceous shales with coal . 

Coal ishaly) 

Grey shaly sandstone 

Coal (shaly) 

Shale and sandstone 
Coal (shaly) . . < . . 

Dark blue shale and grey sandstone . 
Coal (shaly) in parts fair . 

Carbonaceous shales and coal shales . 
Grey and brown sandstone 
Dark blue carbonaceous shales . 

Dark giey shale 

Carbonaceous shale ^ith coal 

Blue shale 


Thickness in feet. 


Total 


6-25 

10 (3) 

23 

35 (4) 

8-5 

1 

24 

1 

28 

I’S 

irs 

1*25 

5875 

iS‘5 (5) 
8-5 

2 

2 

g (6) 

4*75 

575 (7) 

5*5 

•5 

70*5 

4 (8) 

15 

21*5 

7 

8 

3 
2 

82g» faet. 


The Kodopali Borehole, 


Alluvial soil 2*5 

Laterite 3 

Ironstone band 

Chalk 6* 

Bituminous shales i8'5 

S'Ao/j/ coa/ with 2" and 4' shale partings 8 (i> 

Shale 3 

Argillaceous shale 

Fine dark grey shaly sandstone 15 > 

Argillaceous shale . . . i 

Fine dark grey shaly sandstone ....... xo 

Blue argillaceous shale 7 

Coarse grey sandstone with fossilfferous dark partings . 2 ^ 

Slaty shale 5 

Coal (shaly) 
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Thickness in feet* 


Argillacoous shales . • ••••••• ..6 

Fine bluish grey shaly sandstone > 4*75 

Hard grey sandstone • 1*35 

Coa/(-baly) • a‘5 

Argillaceous shales, light and dark 195 

Fine grey and blue sandstone 7 

Shale I 

Grey sandstone (shaly) ......... 4 

Argillaceous blue shales ......... 10 

Shay coal . 

Hard brown clay . . .05 

Shales ............ 1 '5 

Grey sandston*, miraceous and soft at top part .... 7 

Gi cy Scind stone coarse and fine with shale partings . . . .27 

Grey «.haly micaceous fine blue sancstone ...... 8 

Course grey sandstone with shale partings (conglomerate* . . . i 35 

G'^ey shale 0*5 

Coal . . . . . . . . . . . . o 35 

Grey shaly blue sandstone 5 

Blue shale ........... 5 

Grey shaly sandstone . 14 

Slaty dark shales 3*5 

Aigillaceoua shaly sandstone ........ 2*5 

Blue shales, ai gillaceous ......... 7 

Grey sandstone shaly and micaceous 15 

Conglomerate ........ ... 1 

Shale with pyrites . . . * i*a 

Shale . . . . . . . . . . . .03 

Grey sandstone (coarse) . . . > >*5 

Shale ............ I 

Very coarse grey sandstone with pyiites .215 

Shale 3'5 

Clay shgle with white specks ........ 3 

Caibonaceous shale . . >*5 

Shale (coaly) 1 

Carbomfeious shale .......... 4 

Do. (coaly) ........ . 0*5 

Carboniferous shale ......... 3 

Do. (coaly) ... ..... 0*5 

Carboniferous shale 1 

Do. (coaly) ' . . . . 0*5 

Carboniferous shale 1 

Do. with light shale partings 9 

Coal (shaly) i'6 

Shale i'4 

Coal -6 

Shule, light and carbonac'ous ........ 8*4 

Coal . . .1 

Carbonaceous shale 1 

( 3* ) 
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ThtcknenB in ftti. 


Coal, shaly .... 
Coal ..... 
Carbonaceous shale . 

Coal, shaly .... 
Coal ..... 
Coal, shaly .... 
Carbonaceous shale . 

Coal ..... 
Shaly band .... 
Carbonaceous shale . 

{ Coal 
Stony coal 
Coal 

Shale ..... 
Coal ..... 
Carnonaceous shale . 

Coal ..... 

Carbonaceous shale or strong coal 
Coal ..... 

Shale 

Stony coa or carbonaceous shale 

Coal 

Stony coal or carbonaceous shale 
Coal . . . . • 

C'arbonaceous shale . 

Coal 

Carb naceous shale 

Coal 

Carbonaceous shale . 

Coal ..... 

Carbo.iaceous shale • 

Coal ..... 

Stony coal or carbonaceous shale 

Coal 

Stony coal .... 
Coal . ... 

Stony coal . • . • 

Coal (fair i foot) • • • 

Coal 

Stony coal orcarbonace us shale 

Coal 

Stony coal or carbonaceous shale 

Coal 

Carbonaceous shale • • 

Coal • ■ ■ • • 

Carbonaceous shale 
Coal ..... 

Carbonaceous shale . 

Coal 

Carbonaceous shale 

( 3 * ) 
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ThtckngM in /e^i. 


Coal * 

CarbooacenUB shale . , . . .... 1*33 

Coal 0*50 

Carbonaceous shale 1*50 

Coal 0*50 

Carbonaceous shale ......... 0*23 

Coal 0*25 

Carbonaceous shale .... 0*66 

Coal ........... . 0*50 

Carbonaceous shale ......... 0*83 

Coal ............ a'50 

Carbonaceous shale 0*33 

Coal ............ 0*66 

Carbonaceous shale .... ..... 0*66 

Coal ............ o’ao 

Carbonaceous shale . . . - i'33 

Coal ............ 0*50 

Carbonaceous shale ....... . . \ 

Coal ............ 0*20 

Carbonaceous shale . . . . • . . 1 ’20 

Coal and shaly beds continue for 37 ft. . *37 

Fine sandstone .......... 37*5 


Total 485*5 feet 


N •. 5 Borehole. 


Surface soil ..... 







4 

Various cla^ 8 ..... 







10 

Dark biown shaly aandstone and clay 







1 

Carbonaceous shale 







6 

Fine grey shaly sandstone 







I 

Carbonaceous shale 







3 

Slight carbonaceous fine shaly sandstooe 







4 

Grey shaly sandstone 







I 

Carbonaceous shaly sandstone 







s 

Grey and carbonaceous shaly sandstcina 







6 

Coal ...... 







9 

Carbonaceous * hale 







4 

shaly sandstone 







1 

shale 







t 

shaly aandstone . 







1 

shale .... 







I 

and grey shaly sandstone 







4 

White shaly sandstone . 







6 

Carbcnaceous shaly sasdstone . 







5 

n shale and grey shaly sandstene 



« 



13 

Grey shaly sandstone 

. 



• 



• 

Carbonaceous shale . S • 




• 


• 

5 

Cm/ 

f 



• 


• 

• 


p 
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Carbonaceous shale 
Coat .... 

Carbonaceous shale 
Coal and ahaly sandstone 
Carbonaceous shale 
Hard grey shaly sandstone 
Coal .... 

Gcey shaly sandstone 
Carbonaceous fine shaly sandstone 
,9 shale 

Grey shaly sandstone 
Yellow and mottled clays 
Carbonaceous shaly sandstone 
White shaly sandstone 
Grey shaly sandstone 
White sandstone 
Carbonaceous shaly sandstone 
•p shale and coal 


Coal .... 
Carbonaceous shale and coal 
Grey shaly sandstone 


Thicknest in foot, . 
. 6 

4 

. 12 

. . I 

. I 

. I 

. 15 

. 8 

. 3 

lo 

. 20 

. 3 

4 

. 3 

2 

. IS 

I 

, 2 

. 15 

I 

5 

Total . 221 feet 


Water tapped at 14 ft. which flowed over surface to the end. 


No. 6 Borehole. 


Surface soil 9 

Soft brown sandstone ... 3 

Soft yellow sandstone ......... 3 

Soft brown sandstone with clay 3 

Brown sandy clay 3 

Grey shaly sandstone 6 

Brown „ 99 « I 

Carbonaceous shaly sandstone 4 

Grey shaly sandstone .•••••••. 6 

Carbonaceous shale 9 

n and coal 9 

Coal 7 

Carbonaceous grey shaly sandstones and coal ..... 1 

Grey and carbonaceous shaly sandstone 4 

Carbonaceous shaly sandstone 3 

Coal and carbonaceous shale 6 

Carbonaceous fine shaly sandstone 5 

Gr^ shaly sandstone 1 

Grey and yellow sandstone 1 

Grey shaly sandstone and coal 9 

Grey shaly sandstone 2 
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Thiekmss in/tH. 


Yellow shaly sandstone 

Carbonaceous shale 6 

n f* and grey shaly sandstone • . . • • 3 

,1 shaly sandstone i 

Grey shaly sandstone 50 

Coal 

Carbonaceous shale • . . • 4 

Coal 4 

Carbonaceous shale and coal 6 

Coal .....•..•••.i 

Carbonaceous shale and coal . 4 

Coal ...5 

Carbonaceous shale and coal a 

Coal 9 

Carbonaceous shaly sandstone ........ 2 

I, shale I 

•• shaly sandstone ...... . . 6 

•• shale 2 

•• shaly sandstone 4 

fy shale ••4 

shaly sandstone ........ 1 

„ shale . ? . I 

,, shaly sandstone ........ a 

Yellow sandstone . d 

White sandstone • • .12 

Carbonaceous shaly sandstone *3 

shale , • 

Total . 258 feet. 


Water tapped at a6 ft. 
No 7 Borehole. 


Surface soil and variegated clays 15 

Vari-coloured shaly sandstone 16 

Carbonaceous shale . 

Coal and carbonaceous shale ...... . , 1 

Carbonacsous shale 1 

Coal 

Carbonaceous shale 

Grey shaly sandstone 5 

Carbonaceous shale 

Grey shaly sandstone •..••••• .i 

Carbonaceous shale ... 8 

shaly sandstone 8 

a, and grey sandstone 10 

aa shaly sandstone 

tB shale • •••. ..aa»1 

•B shaly sandstone 

•B and grey ahaly sandstone 15 
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Thickngss in'feti. 


Carbonaceous shale . • 4 

fine shaJy sandstone . l 

•t shale 

ti !• and coal •••••••*4 

Coal ••,••4 

Carbonaceous shale 

Total . 141 ^®et. 


Water tapped at !5 ft. 
No. 8 Borcholr. 


Surface soil and clay . . • 

, 







6 

Vari-coloured sandstones and clays 


, 






>9 

Sli|;htly carbonaceous brown shaly sandstone 






3 

Carbonaceous shale . • 








4 

»* 

,• with a little coal 








1 

>* 

shale 








8 

>1 

prey shaly sandstone 








IS 

If 

shale 








3 

ft 

fine shaly sandstone 








10 

ft 

shale • . • 








3 

•• 

and coal • 








9 

If 

„ and shaly sandstone 







28 

ff 

and coal • 








3 

It 

ft • 








10 

Coal and carbonaceous shale • 






• 


3 

Carbonaceous shale • • • 






• 


13 

Coal • 







. 


4 


Total . 141 feet. 


Water tapped at so It. 
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MEMOIRS 


OF 

THE GEOLOGICAL SURVEY OF INDIA. 


Notes on the ^‘Exotic Blocks** of Malla Johar 
IN THE Bhot Mahals of Kumaon, by A. von 
Krafft, Ph.D./ Assistant Superintendent^ Geological 
Survey of India. 


I.- INTRODUCTION. 

In 1892 Messrs Griesbach, Diener and Middlemiss discovered 
near Chirchun^ in Hund6s and in the upper Kiogarh valley (Malla 
Johar) isolated limestone blocks with permo-carboniferous and triassic 
fossils These blocks which are situated within a synclinal belt of 
Spiti shales and ilysch and are connected with igneous rocks, were 
compared to the Klippen " of Europe. 

Griesbach • and Diener * have given accounts of their observations 
with geological maps. The latter author left the ** Klippen at first 
unexplained, while Mr. Griesbach believed them to be due to faulting, 
accompanied by intrusions of igneous rocks. Later on the permo- 
carboniferous and muschelkalk fossils collected were described by 

^ Died at Calcutta on the 22nd September 1901. 

* 1 prefer this spelling to that of the Indian Trigonometrical Survey map 
(** Chitichun *') seeing that the name is pronounced '*Chirchun** by the natives 
of Milam. Stnachey in his geological map of Kumaon, Garhwal, and the adjoining 
parts of HuncfiSs also spells the locality ** Chirchun.’* Quart Journ. Ged. Soc., 
VII, 1851, pi. XVI. 

, « •*NoU$ on the Centred Htmalayae" Rec. Geol. Surv. Ind., Vel. XXVI, 

jf>t. 1. 18(93, pp. 19 to 2 

^ *■ Brgeinisse etner gealagischsn Emptdiiion in den CeutraUn tiimalayo*** 
Denkschritten d. k. Akad. d. Wissensch. Wien 1895, pp. 588 to do;. 

( I ) 
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Diener.i In a more recent paper Diener* elaborately discussed the 
relation of the Himalayan Klippen ” to those of Europe. He 
comes to the conclusion that the former differ from all European 
occurrences by some remarkable features, the most pronounced being 
their connection with igneous rocks Nor can, in his opinion, any of 
the theories advanced with respect to the European ** Klippen be 
applied to them. Diener inclines to the belief that the most plausible 
explanation is that given by Griesbach in the paper quoted 

In spite of the undoubted interest of these occurrences, seven 
years elapsed ere another geologist entered the Chirchun area. My 
colleague Dr. Walker was sent therein 1899. Unfortunatel)* ill-health 
forced him to return in a very short time, but not before he had 
obtained a very good collection of permo-carboniferous fossils from 
the Peak Chirchun No. i. These are now being examined by 
Professor Diener. 

In 1900 I was ordered to Chirchun, but an unexpected obstacle 
intervened. My plan of crossing by the Langpaia Lek into Hund^s 
was frustrated by orders from the Local Government, strictly pro- 
hibiting me from entering Tibet. Acting on instructions from head- 
quarters then received, I proceeded to Laptal in Malta Johar, which is 
B ritish territory. 

This area had been visited years ago by Mr. Griesbach* (see 
pp. 80, 81, 149, and 155 in Mem XXIII). He noticed the presence 
of basaltic traps, associated with serpentiuous masses'' which he 
considered to be intruded into the cretaceous series flysch), remark- 
ing that some of the traps might be contemporaneous. He believes 
the igneous rocks ** form part of the youngqr eruptive rocks which are 

* The Permo’carboniferous fauna ef Chthchun, No. /.'• Pal. IimL* Ser. XV, 
Vol. I, pt. 3. 

" The Cephalopoda of the Triasstc limestone crags of Chiiiehun** Pal. Ind., 
Ser. XV. Vol. II, pt. 3. 

See also Joviies^ nov. L ind. ex aff. 5 ^. bosnensis in S v. Mojibovics. ^ Upper 
Triasstc Cephalopoda f aunts of the Himalaya** Pal. Ind, Ser. XV, Vol. IIL 
pt. I. p. 18, plate IX. figs. 4, 5 * 

* ** Notes on the Geological Structure of the Chitichun region.** Mem Gyol. 
Surv. Ind., Vol. XXVIll, pt. i, pp. x to a;. 

( a ) 
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largely represented in eastern Hundds, and to which probably A middld 
tertiary age must be assigned.*’ 

Mr. Griesbach considered the light grey and white lime- 
stones occurring near the Balchdhura pass to be a higher division 
of the cretaceous series^ equivalent to Stoliczka’s Chikkim 
limestone. 

The ground was again visited by the expedition of 1892. On 
their way to Chirchun, the three geologists passed through the Kio- 
garh valley, but being still unaware of the complicated structure of 
the neighbouring Chirchun area, they shared the view originally ex- 
pressed by Griesbach with respect to the light grey limestones of the 
Kiogarh peaks. Subsequently, suspecting that these limestones might 
possibly represent exotic blocks they revisited Malla Johar. Their 
doubts were justified, for Mr. Griesbach discovered near Talla 
Sangcha E.G ^a loose block of a red and white limestone with Jovttei 
n f. ex afi. J. hosnensts^ E. v. Mojs., which, according to Mojsisovics, 
proves the block to belong to the carnic stage of the upper trias. 

Diener gave a short description of the neighbourhood of Malla 
Sangcha, which is in extract as follows 

The base of the most western limestone peak is made up of 
Gieumal sandstones which show a very complicated dip and are pene- 
trated by numerous veins of intrusive rocks- In the upper portion 
of the mountain these igneous rocks and the “ tufa ’* associated with 
them predominate. The limestone mass itself rests entirely on beds 
of a clearly igneous character, without coming into contact with the 
sandstone formation. 

The highest ** crag ** forms a steep scarp and is likewise traversed 
by veins of a diabase porphyrite. The limestone is of a white and 
reddikh white colour without any distinct stratification, semicrystalline 
and partially altered, especially so where surrounded by intrusions of 
igneous rbcks. No fossils were found in situ in the limestone- The 
block with yovites found by Mr. Griesbach is a red marble, apparently 
detached from the main mass of the limestone peak and exactly similar 
41 ' B. G. throughout this paper stands for ** encamping ground.^ 

( 3 ) 
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to some of the famous red Hallstatt marbles from the Salzkammergul m 
upper Austria and Styria. This facies differs widely from that of the 
carnic beds in the main region of the triassic belt of the Central Hima- 
layas. From the presence of the genus Jovites in the limestone block 
found to the east of Talla Sangcha it results that the huge masses of 
limestone between the Balchdhura and Kiogarh-Chaldu passes cannot 
rest in a normal position on the fl>sch. Considering the great 
thickness of the limestone cap, Diener is inclined to suppose that the 
peak is composed of sediments belonging to very different geological 
periods, as is the case in the range of Chirchun No. i, the carnic stage 
forming only part of the limestones. These stand in a similar struc- 
tural relation to the flysch forming their base, as the limestones of 
the Chirchun area do to the Spiti shales. 

During the months of July and August 1900 I spent six weeks in 
this frontier district and found it to abound with exotic blocks, and 
in a few of these I discovered numerous fossils, chiefly ammonites. 
I have also obtained geological observations important enough to allow 
of an attempt to explain the origin of the blocks being made. The 
conclusion at which I arrived, is that the exotic blocks were brought up 
to the surface by violent volcanic outbursts, later disturbances having 
thrust the whole into confusion. At the same time, however, it 
became evident that nothing but a detailed examination of the whole 
block-bearing area would lead to definite results. 

The area worked ^ out is situated at the head 
nfScS^fiatures, Kiogarh river, a tributary of the Girthi 

river, which runs from east-south-east into the 
Dhauli river, near Malari. To the north, east and south-east 
the area is bordered by a hi ghr range, which forms two half circles, 
oonnected by the Kiogarh high plateau. The range represents part 
of the great watershed between the tributaries of the Sutlej and 
the Ganges, and at the same time forms the boundary between British 
territory and Hund^s. 

The northern semicircle opens towards' the west near Talla 
’ See Geological Map, pi 14. 
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Sangcba on to rolling plateausi covered with Spiti shales, which 
extend far to the west and north-west. The southern half circle id 
shut off to the west by an anticline of triasso-jurassic limestones with a 
north to south strike. Both half circles are drained by branches of the 
Kiogarh river, meeting in a ravine that traverses the northern 
termination of the anticline just mentiond halfway between Talla 
Sangcba and Laptal E. Gs. From the northern half circle the Balch- 
dhura Pass, i7)59oS leads into Hund6s (road to Chilumkurkur) 
and the southern one is connected with that country by three practic- 
able passes, vf^r., a nameless pass between Kiogarh No 3 and No 4 
approximately 18,000", the Kiogarh- Chaldu pass, 17,440', and the 
Kiogarh-Chirchun pass, 17,960' (road to Chirchun E. G ) 

The average height of the district is very considerable, the lowest 
point (near junction between the two main branches of the Kiogarh 
river) being approximately 13,000', the greatest vertical elevations 
rising up to more than 19,000'. At no point is the boundary range as 
low as 17,000'. 

The striking contrast in the configuration of the landscape seen 
everywhere along the great Himalayan watershed is of course con- 
spicuous in this area. To the north, speaking generally, the country 
descends slowly to an undulating high plateau, while the land south of 
the watershed is deeply eroded into steep bold cliffs and narrow 
gorges. My work lay on this side of the watershed where there are 
much better sections than in the Chirchun area, which forms part of 
the Tibetan high plateau 

The extent of the whole block-bearing area 
deliminated in detail We know 
from the researches of the expedition of 1892 
that it reaches south as far as Kungribingri, 19,170', and east beyond 
the Chaldu river. But how far it extends to the north can so far 
only be guessed at. At any rate it includes the Peaks Ghdtimdmin, 
18,700', and Sami, 17,920', of the Indian Trigonometrical Survey map.^ 
From the frontier I could see that exotic blocks occur several mites to 
the north of Balchdhura No. 2 Exotic blocks may also occur to the 
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north of the Niti pass,^ and it is not impossible that they are com 
nected by intermediate occurrences with those of Johar and Chirchun. 


II.— STRATIGRAPHICAL FEATURES. 

Within the area represented on the geological map attached to this 
paper, the following stratigraphical divisions occuri which are in des* 
cending order 

4. Shales, sandstone^ etc., upper flysch, 800 to i.oco feet. *) 

3. Greenish grey sandstone, ** Gieumal sandstone,** Stol., fCretaaous, 

lower flysch 400 to 500 feet. J 

2. ^iti shales. Upper jurassic to lowest cretaceous. 

1. Grey limestones, ranging from upper tnas (dachsteinkalk) 
into the middle jurassic 

Triasso^jurassic limestone series , — The lowest division is chiefly 
composed of bedded limestones with some massive layers. The lime- 
stones being throughout poor in fossils, no subdivision is possible. Prom 
their loiter portion Megalodon and other upper triassic fossils are 
recorded, while the topmost 300 to 400 feet are proved by fossil contents 
to be of middle jurassic age, but no reliable palaeontological evidence is 
available pointing to either lias or rhsetic, although the perfect conr 
formity prevailing leaves no doubt that sedimentation has continued 
without interruption from upper triassic until middle jurassic times. 

The evidence regarding the middle jurassic portion of this lime- 
gtone mass is twofold. Professor Diener ’ collected at two localities 
(Shalshal cliff in Painkhanda and Chanambaniali peaks in Hund6s) 
from the topmost layer, which is made up of red iron pisolites,* 
a number of fossils, which were examined by Qr. F. Suess. The 
fauna consists of a few cephalopoda, brachiopoda and numerous Belem^ 
nites {B. sulcacutus, F. Suess) and is according to F. Suess of middle 
jurassic age, probably Kelloway. 

1 myself discovered in Spiti in a section near Gieumal, 350 to 400 
feet below the Spiti shales, a weH-preserved ammonite, which is very 

^ Mr. Griesbach (Mem. XXllI, p.^83) noticed there grey limestones, which 
he corrdated with the Chikkim limestone. As the latter is not developed in Johar, 
ft appears possible that the limestones of the Niti pass represent exotic blodtSh ail 
the more so as igneous rocks are reported from the same area* 

* Ergebnisse, 1. c., pp. 584 to 586. 

< This bed was described by Griesbach (Mem. XXllI) as lias. 
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closely allied to, if not identical with, Stephanoe^rus coronuium, ^rug.,, 
a species also characteristic of the Kelloway. We may therefbre con- 
clude that at the very least 400 feet of the limestone mass in queSticHii 
but probably a still greater thickness, belongs to the middle Jurassic. 

Spiti shales.^^The Spiti shales have been subdivided by Mr. Gries- 
bach ^ into three divisions, which have also been adopted by Dr. Diener. 
As to the fauna no details are yet available as the description of the 
fossils, which has been entrusted to Prof. Uhlig, is not yet concluded. 
The main results are however contained in some preliminary remarks 
published by Diener * and are as follows 

(3) Upper Spiti shales, “ Lochambel beds/' Diener, most proba- 
bly representing Berriasian, but possibly with affinities to 
Tithonian and Valanginian* 

(2) Middte Spiti shales, “ Chidamu beds," Diener, full of concre- 
tions containing ammonites. Upper Jurassic, probably 
KiiiTmeridge. 

(i) Lower Spiti shales, full of Beiemnites gerardi, upper }urassic. 

Gteumal sandstone Spiti shales pass gradually into the 
overlying Gieumal sandstone, which therefore is proved to be of creta- 
ceous age, in spite of the want of characteristic fossils. 

Before describing the cretaceous series in detail it will be well to 
point out that there is a considerable lithological difference between 
the cretaceous of Spiti and that ot Johar. In Spiti calcareous bands 
with fossils are met with in the Gieumal sandstone, which is overlaid 
by a white limestone (*^Chikkim limestone," Stol.) and calcareous shales 
('^Chikkim shales," Stol.}, whereas the cretaceous of Johar contains 
but an inconsiderable admixture of calcareous deposits. It is almost 
solely cognposed of sandstones and shales and bears a marked similar- 
ity to the European fly^ch. 

Upptr Flysch.^ln the upper flysch the following lithological 
divisions ^ can be distinguished (in descending order) 

} thin bedded . . . 

‘ Memoirs XXI II. 

* Loc, cit, 

* Compare plates i and 4. 
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4e. Greenish and grey sandstones, alternating with shales. 

Pass through green tuRaceous sandstones upwards 

into 4/ • 300' 

4d. Hard, black, siliceous shales, passing through crumb- 
ling shales into 4e ..... 30' to 40' 

4c, Brown weathering sandstones, alternating with shales 10' 

43. Black, crumbling shales ..... aoo' to 300' 

4a. Red and greenish shales and red shaly limestones • app. 100' 

3. Gieumal sandstones 400' to 500' 

The Gieumal sandstone becomes shaly in its uppermost layers, 
weathering into long, pencil-shaped fragments. Above this follows — 

4a. Near the base siliceous red shales of an intense terracotta colour 
intercalated with a few bands of red hornstone and splintery 
greenish shales. Higher up the shales become calcareous 
and earthy, and thin bands of dense, somewhat siliceous, 
greenish grey limestones appear. 

This series is very conspicuous from a distance, especially so on 
the hills to the north of Talla Sangcha E. G. No doubt it 
corresponds to the “ dense red earthy beds mentioned by 
Griesbach^ from the flysch of the Chirchun area. 

4 *. consists of black, crumbling alum shales, very similar to the 
Spiti shales, but with some peculiar characteristics, such as 
the occurrence of flaggy, brown weathering limestones with 
many calcspar veins and of large, ferruginous concretions. 
A negative feature consists in the entire absence of fossils 
beyond plant remains frequently found in the flaggy lime- 
stones. This division was also recognized by Mr. Griesbach 
in the Chirchun area ^ and its resemblance to the Spiti shales 
was pointed out, a few traces of belemnites being mentioned. 
Its thickness cannot be accurately determined owin^ to the 
disturbances it has undergone. 

4c, is a grey, reddish brown weathering, micaceous, somewhat gritty 
sandstone in a few thick layers with shaly partings. 

4d. Hard black, siliceous shales, weathering rusty brown, traversed 
by cleavage planes which produce cubical fragments. These 

^ Records, L c., p. 21. 
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shales are best seen on the southern slope of the Balchdhura 
heights, and in an overfold to the south of Kiogarh Chirchun 
£• G. (plates i and 4). 

This group passes through a small thickness of black, crumbling 
shales into— 

4 e, consisting of grey and greenish sandstone with very thin, 
mostly brown shaly layers. A few calcareous bands are 
intercalated near the base. This series is very similar to the 
Gieumal sandstones but can be distinguished from them by its 
abundance of fucoids and indistinct plant remains. The sand- 
stones gradually become tuffaceous higher up and pass into 

4/*, a series of very thin-bedded green tuffs (iSO') overlaid by a small 
thickness of red tuffs. The former may be identical with “ a 
hard rock, generally bluish green in colour, which probably 
has been formed to a large extent of trappeap material,*’ 
which was observed by Mr. Griesbach in the Chirchun area. 

Age of upper Fly sc h . — ^The upper flysch is throughout devoid of 
fossils that might afford any clue as to the age of the various divisions, 
and although there can be no doubt that most of them are cretaceous, 
the question arises, whether the topmost beds do not extend into the 
nummulitics or not. 

It will be more convenient to deal with this question after having 
described the area in full, and it may suffice to remark here that most 
probably the nummulitics are not included in the upper flysch.* As 
to the arguments which lead to this conclusion, I may refer the reader 
to the last chapter of this Memoir. 

III.— GENERAL CHARACTERS OF THE IGNEOUS 
ROCKS AND EXOTIC BLOCKS. 

Along the boundary range from Balchdhura No. 2 to the Kiogarh- 
Chaldu pass and in the vicinity of the Kiogarh-Cbirchun pass the 

^ * The view here adopted differs from that expressed in General Report, ipoo-oi, 
whieh was published before the present Memoir had been concluded. 
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flysch is overlaid by great masses of basic igneous rocks, which include 
a large number of exotic blocks consisting chiefly of limestones, the 
whole resembling in appearance an extraordinarily coarse breccia with- 
out any trace of stratification. In describing these masses it will be 
convenient to deal first with the igneous rocks and subsequently with 
the exotic blocks, imbedded in the former. 

(a) The igneous rocks. 

Rocks of igneous origin occur, as mentioned above, in the flyschj 
the youngest division consisting of subaqueous red and green tuffs. 

These have, however, nothing to do with the subaerial basic igneous 
rocks we have to consider at present. 

A number of rock specimens brought back were kindly determined 
by Mr. T. H. Holland, who provided me with the following short 
notes 

Petrological evidence . of the rocks present the characters 
of lava flows, generally basic in composition, but too much altered for 
precise determination, and many of these can be referred to as andesites. 
They have generally a pilotaxitic structure, but their ferromagnesian 
silicates having been altered beyond recognition, they may as often 
be related to the diabases as to the andesites : the distinction is not 
impcnrtant. Many are distinctly amygdaloidal, but in some the cavities 
now filled in with calcite may have been the result of secondary altera- 
tions.^ Other specimens are spherulitic pitchstones which fall into 
line with the amygdaloidal and other structures which indicate a vol- 
canic (surface) origin for most of the rocks. One rock is a serpentinei 
which has resulted from the alteration of a peridotite. 

Aspect in the field.— In Johar one generally meets with loose 
debris, consisting of large and small blocks of green and red andesite 
and finer volcanic material, mixed with a multitude of pieces of sedimen- 

^ A rock specimen collected by Diener near Tails SangcHa was examined by 
C.V. John, and his notes are communciated in Diener, ** Ergebnisse^'* p.599. 
V. John described this rock as an agiygdaloidal diabase. It appears ta i%Mre^t 
a type of near affinity to those of my own collection which Mr.* Holland deter* 
min^ as amygdaloidal andesites (see above). 
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tary rocks. I was for some time in doubt as to whether this does not 
represent a volcanic agglomerate. Especially the southern slope of 
the Balchdhura heights where no outcrop of solid rock is seen such an 
explanation might appear correct, and 1 met with occurrences remind- 
ing me of volcanic bombs. Round balls of amygdaloidal andesite, ap- 
proximately 2 feet in diameter, on being broken up, were found to con- 
tain calcite kernels, large in the centre, and decreasing in size towards 
the periphery. At the same locality I observed blocks of coarse breccias 
composed of ^reen andesite and red limestone pieces. 

1 do not, however, now believe that true agglomerates are an}nvhere 
existent in Jobar. The same loose debris, such as is met with at the 
Balchdhura heights, is also found in many other places, where it is 
obviously produced by the weathering of lavas in which a large 
number of foreign fragments are involved. These curious lavas are, 
for instance, tn situ round the base of the Kiogarh plateau. It thua 
appears certain that the loose masses alluded to represent debris from 
lavas, not volcanic agglomerates. The round balls of andesite des- 
cribed above can well be brought into accord with this explanation. In 
two places I observed a sphaeroidal or sack-like structure in spli^lavas, 
no doubt the result of weathering. To this sphaeroidal weathering we 
may attribute the bomb-like balls. This is the better justified by the 
solid crust generally seen in true volcanic bombs, being wanting* 
Finally, as regards the breccias composed of andesite and red limestone, 
found at the Balchdhura heights, they also accompany the lavas, and 
are in situ. North of the Kiogarh-Chaldu pass and to the south-east 
of Kiogarh-Chirchun pass breccias were met with in close connec- 
tion with the spheroidal lavas just mentioned. 

Fragmental rocksj—\ few remarks as to the fragmental rocks 
occurring occasionally among the lavas may be added. The breccia 
"found north of the Kiogarh-Chaidu pass is of a peculiar character. 
The fragments according to Mr. Holland are chiefly altered pitcbslone, 
‘ probably andesitic in composition, others are serpentine. The 
interstices between the fragments are filled up by densely red limestofie 
of a laminated structure, the laminae being parallel to the surfaces ol 
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the pitchstone fragments. It appears that in the original limestone^ 
fragments were crushed together with the harder volcanic rocks, with 
the result that the limestone now apparently forms the cement of the 
breccia. Volcanic tufb are often met with but never in a fresh condition. 
A specimen bf tufiE was found by Mr. Holland to contain fragments of 
various derivation, including quartzites and volcanic rocks. 

Age of vo/camVj.— The volcanic rocks of Johar are younger than 
the flysch. This follows first from their overlying the latter and 
secondly from the fact that blocks, derived from various divisions of 
the flysch series, even the tuffs (.^Z) are met with among the volcanics. 
The latter must be considered equivalent in age to the volcanics of the 
Indus valley, trfa., lower tertiary. 

Origtn.^hs to their mode of origin they are clearly subaerial 
This must be concluded from their petrological and geological features, 
and from the absence of all proof of a subaqueous origin. The 
volcanics show no trace of bedding, the fragmental constituents are 
angular, never rolled, and no sedimentary deposits are connected 
with them. 

As stated in the introduction, these rocks were previously con* 
aidered intrusive rocks, a theory which can no longer be maintained. 
Distribution and petrological habitus clearly indicate their surface 
origin, and this is further corroborated by their being folded together 
with the flysch under conditions which exactly recall sedimentary beds. 
There must of course be volcanic vents and dykes, through which the 
igneous rocks have reached the surface, but the sources of discharge 
no doubt lie outside Johar, vfs., to the north or north-east of it within 
Hundds, as nowhere in the area examined have intrusive dykes been 
discovered.^ It is true that in places volcanics are mixed up with the 
flysch, but this can in almost every instance be proved to be the result 
of later disturbances. 

'I have twice followed the route along which Diener ascended from Tails 
Sangcha towards Kiogarh No. x, but completdy failed to discover the " nuiiteroua 
vans of intniuve rocks which Diener reported. Nor have 1 observed intrasiona 
anywhere else in the flysch of Johar, although I examined this district much mbre 
dOifSy 'ttian any previous observer. 
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There is, however, another subordinate mode of occurrence of 
Igneous rocks to be considered. In many of the limestone blocks thin 
igneous veins, traversing the blocks from end to end, are to be seen. 
These are instances of true intrusions. Wherever these veins are 
present the limestones are much altered and marOlOiised. As a 
rule ten or more veins are seen running paralld to each other at 
regular intervals, a feature which is probably due to their following 
bedding planes. Twice 1 met blocks with intrusions, which evidently 
have been plicated, for they described narrow angles. 

The igneous rocks thus intruded resemble in macroscopic appear- 
ance those surrounding the blocks. 

The explanation of these intrusive veins affords no difficulty. 
They must have been formed while the limestones were still in situ, 
although they had then already been acted upon by the igneous rocks. 
Most likely therefore these limestones are derived from volcanic necks 
and thus resemble in origin the volcanic blocks mentioned above. 

(d) The exotic blocks. 

Exotic blocks abound to such an extent that the number of those 
exceeding lo feet in diameter alone must be calculated to be many 
hundreds while the smaller blocks are quite innumerable. The 
volcanics of the Kiogarh high plateau especially are extremely rich 
in exotic blocks. It would therefore be impossible to mark on the 
map even the larger blocks separately. The course I followed was to 
indicate those only which were found in any way remarkable, either 
by their fossil contents, conspicuous forms, isolated position, etc. 
Accumulations of large blocks, which contain little volcanic material «« 
such as occur in the Kiogarh heights (for instance Kiogarh No. 3 ) ^ 
were marked as single limestone masses. The rest were left unmapped. 

The exotic blocks are of various lithological descriptions. Most 
of them are grey or red limestones, but in places sandstone blocks 
are common. Rarer types are blocks consisting 6l tuffs and diales. ^ 

But these blocks being of sedimentary origin, lithological characters 
ft ( 13 ) 



140 KRAFPT: EXOTIC BLOCKS OF MALLA JOHAR. 

are of small importance compared with the question as to which 
stratigraphical horizon they represent. This could of course only be 
satisfactorily ascertained were fossils from many of them available. 
I need hardly say that this is not so ; indeed by far the greater part is 
entirely unfossiliferous, and this cannot be wondered at, seeing that 
they are imbedded in igneous rocks and have in ninety-nine cases out 
of a hundred been highly altered. It was only by examining many 
hundreds of blocks that I was able to obtain fossils here and there. 
Weeks of unsuccessful search were thus now and then only inter- 
rupted by a fortunate find. But in most cases, when once discovered, 
the fossils were to be had in large numbers. Other blocks could be 
determined with more or less certainty by their lithological characters, 
and thus I obtained evidence of the representation of several horizons, 
one being palaeozoic, the others mesozoic. Some of these horizons 
are identical with those found in the exotic blocks of the Chirchun area, 
but most of them are new. They are : 

/. Permo-Carboniferous (E. Blocks 9, 11, 12, 13, 15, 18, 19 (?) 
on noap). Blocks of this age were chiefly traced in the hills to the north- 
west and west of the Kiogarh-Chirchun pass. A loose block containing 
fossils of that age was observed in the neighbourhood of Malla Sangcha 
E. G. and had no doubt rolled down from the higher slopes of Kiogarh 
No. I. 

lithologically the permo-carboniferoud limestone may be described 
as a massive, light grey and red, marble-like crinoid-limestone with 
many cleavage planes. Large sections of crinoid stems (app. | inch in 
diameter) form a most characteristic feature. Blocks of this age 
rarely exceed 30' to 50' in diameter, E. B. 9 alone being of larger 
dimensions ^ (at least 300 cubic feet). Whereas on Peak Chirchun 
No. 1, which is composed of limestone of this age, fossils abound, 
the permo-carboniferous blocks found in Johar are very poor in fossils. 
The only locality which yielded a larger number of specimens is 
E. B. 9, but here also several days’ search was required to obtain 

• See PI. 4. 
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satisfactory collections. The fauna is identical with that described by 
Diener from Peak Chirchun No. as is proved by the following list of 
fossils, kindly communicated by Prof. Diener 

Productus abtchii Waag. 

„ gratiosus ,| 

„ chiitchuneftstSi Dien. 

Marginifeta typica^ Waag. 

Enteletes, sp. ind. 

Vncinutus timorenstSf Beyr 

Hemipiychina htmalayensts, Dien. 

Camorophorta purdoni^ Dien. 

Spirifer wynnei^ Waag. 

„ tihetanust Dien. 

Martinia^ dis, sp. 

Lyttonia sp ind. 

Spirtgeta royssit. Lev. 

2» Lower trias (E. B. 20 on map). One large block was dis- 
covered with ntimerous cephalopoda of lower triassic age, situated 
about 1 i miles to the north of Kungribingri No. 2 at the right angle 
formed where the boundary range turns from a south to north direc- 
tion to the east. 

The rock is of a dark red, earthy limestone, thin bedded, with a 
few grey layers. The cephalopoda are mostly of indifferent preserva- 
tion being filled by calcite. Most of the fauna collected belong to the 
genera Flemingites and Danuhites^ two very characteristic genera of 
the Himalayan lower trias (horizon of Flemingites rohilla). A com- 
mon species is Danuhites nivalis^ Dien. Other genera represented 
are Meekoceras^ Hedenstroemia^ Prosphingites and a genus similar to 
Pseudosageceras, Dien. This fauna awaits further examination.^ 

Lower triassic blocks are not recorded from the Chirchun area. 

* The Meekocerata were recognised to contain species unknown from the 
horizon ot Flemingites rohUla of the Himalayan series, while the species common 
^tothe latter are wanting in E. B. 20. This points to faunistic^ peculiarities 
being present, yet 1 have little doubt that they are of small importance. 
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j. Lever Afuseheikatk (?). On the Fbuthernfitope of Ibe BaTfcCh 
dhura heights I found a loose block with a few fragmentary and badly 
preserved ammonites. One of these shows ceratitic sutures, another 
fe in transverse section and sculpture similar to Procladucites jasont\ 
Dien* This block may be of lower muschelkalk age and equivalent 
to the lower muschelkalk horizon discovered by Middlemiss in the 
Chirchun area.^ The state of preservation of the fossils excludes any 
definite statement. 

4, Ladinic or Lover Carnic stage (E. B. 1 on map, pi. 1, and 
section 1 on ph 12). Somewhat below E. B. I found several loose 
specimens of dark red, very ferruginous limestone with Daonelia 
indicGy Bitt. As these fragments are lithologically identical with b. 
B. I, the fossils must have come from ki 

The specimens are of large size, like fig. ii on pi. vii in Bittner's 
Memoir on the Brachiopoda and Bivalves of the Himalayan Triast*^ 
E. B, 1 consists of thin-b6ddcd limestones, alternating with very thin 
bands of dark red shales and differs from any other I met with. Dao^ 
nella indicu was previously assigned exclusively to the lower carnic 
stage (“ Traumatocrinus limestone"' of the Shalshal cliff section with 
Joannites cymhiformis) but has been found subsequently in Spiti 
and in Painkhanda in the ladinic stage of the moschelkalk too. E. B. 
I may therefore represent either of these horizons. 

Blocks with Daonelia indica are not recorded from the Chirchun 
area. 

5. Upper Carnic stage (E. B. 2 on map, section i on pK \a and 
pi. 3). About one mile to the north-west of the Dalchdhura pas^* at 
approximately 18,000 ft. a block was discovered, the richest in fossils 
aild at the same time the least influenced by igneous rocks of Imy I 
observed. It is a marble like that of the famous Hallstatt beds of the 
eastern Alps, bright red, massive, and not in the least earthy. 

A very large and well preserved collection of ammonites with a 
few bivalves and brachiopoda was obtained from this block I have so 

* Pal. Ind., Ser. XV, vol II, pt. 3. 

» Pal. Ind., Ser. XV, vol. Ill, pt. t. 
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far identified the following three species with forms described {rom 
the Himalayan Daonella beds ’’ 

Cladiscites suharaius, v Mojs. 

Phylloceras ebneri „ „ 

Juvavites {griesbachites) medleyanus,^ 

The commonest genus of the fauna is Cladiscites y a species belong- 
ing to the group of Cladiscites to mat us being the leading fossil. 

Other gene^-a are : T ropitesy A rcestes, Placites, Jovitesy Nautilus^ 
etc. Of the rare TropiteSy species resembling T. subbullatusy T, 
acutanguluSy T. barthiy and 7 '. spinosusy v. Mo]s , occur. 

This fauna also awaits detailed examination. 

There can be no doubt that it represents the Tropites horizon of 
the carnic stage, being equivalent to the Subbullatus beds of the 
Alps and the Tropites limestone of Spiti and B)ans 

The loose block \sith Jovites n. f. ind. ex. aff. y. bosnensts found 
by Mr. Griesbach near Talla Sangcha E. G., belongs to this horizon, 
this species being also present in my collections from E. B 2. 

Carnic blocks are not recorded from the Chirchun aYea 

d. Dachsteinkalk (?) Exotic block 8 (pi. 7) and Kiogarh high pla- 
teau (plates 2 and 3). The predominant rock of the exotic masses 
is a light grey, dolomitic massi\e limestone. Its main distribution is 
in the mountains between the Balchdhura and Kiogarh-Chaldu passes 
(Kiogarh high plateau), but blocks of light grey, dolomitic limestone 
were also found elsewhere. 

Unfortunately not even a trace of a fossil was observed, but it is 
probable that the limestones represent chiefly the I achsteinkalk. 

Grey limestone blocks are also recorded from the Chirchun area/ 
Griesbach and Diener likewise consider them Dachsteinkalk. 

7. Lower Lias (E. Bs. 4, 6, 7, 16, 17 on map, plates 3 and 8). No 

> This species of hitherto doubtful geological position I found recently in the 
topmost “ Daonella beds ” of the Bambanag cliff, immediately below the Hauer- 
ites beds,** Oiener. 
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doubt the most interesting of all the blocks are those of lower 
liassic age. Five belonging to this horizon were observed, of which two 
(i6 and 17) have yielded a considerable number of lower liassic ammo- 
nites. These are situated about i J mile west-north -west of the Kiogarh- 
Chirchun pass and the other three, poorer in fossils, 4, 6, 7, lie near 
Malla Kiogarh E. G. The rock is a very earthy, brick red, rather 
thin*bedded, nodular limestone, with a few thick grey layers. This 
type of block is the most characteristic of all, and when once closely 
observed can be recognized from afar by its characteristic tint. 

The fauna, containing as it does several species of Arietites, is of 
an unmistakable lower liassic type. The commonest genus of the 
fauna is Phylloceras- 

This is the first record of lias fossils being found in India. 

It is of particular interest that the facies is the Alpine one. My 
specimens are in preservation identical with the lias of Adneth near 
Salzburg (Austria). 

8, Split shales (?) ^ 

> Balchdhura heights.^ 
p. Gieumal sandstone (?) j 

The Balchdhura heights are made up of masses of unfossil iferous 
shales and sandstones. The sandstones are lithologically indistinguish- 
able from the Gieumal sandstone, and the shales associated with them 
are black alum shales. 1 believe that these masses represent Gieumal 
sandstone and Spiti shales ; as fucoids are wanting in the sandstones, 
we have no reason to correlate them with the upper flysch sandstones 
(4^). There only remains the Gieumal sandstone with which to com- 
pare them. Accordingly we may consider the shales to be Spiti shales, 
yig.i the uppermost division, which in the normal sections alternates 
with the Gieumal sandstone. 

Sandstone blocks, all apparently Gieumal sandstone, are common 
throughout the exotic masses, but nowhere do they dominate so much 
as in the Balchdhura heightSc 


( 18 ) 


’ PI. 1 and seclion 1 on pi. 1 a. 
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70 Upper Flysch Sub-Division 4b. (E. Bs. 3, 14 on map). 
Within the igneous rocks south of the Balchdhura pass, I observed a 
block consisting of thin-bedded brown limestones, with shaly partings 
which could at once be recognized as belonging to sub-division 44 of 
the upper flysch. 

On the heights south of the Kiogarh plateau, between E. Bs. 13 
artid 15, black shales of the same sub-division, with ferruginous concre- 
tions and brown weathering flaggy limestones occur. 

//. Upper Flysch Sub-Division (4/). Green tuffs, representing 
sub-division 4/, were observed in the igneous rocks of the Balchdhura 
heights close to E. B. i. This occurrence had to be left out on the map. 

The last mentioned four horizons are not recorded from the Chir- 
chun area. 

In conclusion I must remark that among the very numerous 
unfossiliferous limestones there are many of a red colour, resembling 
the Tropites limestone. Most of the blocks offer no clue whatever to 
their age. 

Origin of red and grey limestone 4 /{?r 4 .r.— Leaving the four young- 
est horizons (Spiti shales and flysch) out of consideration, we wifi pow 
deal in some detail with the older horizons up to the lias. We must 
of course presuppose that the blocks, found within the volcanics of 
Johar, originally formed part of one and the same series at some dis- 
tance from their present place of occurrence. This theoretical series we 
^ . may call the Tibetan Series*,'' as it must needs 

•• Tibgian Sefits.** , . , . _ 

be in situ somewhere in Tibet, and we may com- 
pare it first with the corresponding beds observed in the normal sec- 
tions of the Himalayas. 

Comparison with Himalayan Series .'* — The comparison leads 
to the conclusion that each single sub-division of the Tibetan series 
known so far, from the permo-carboniferous up to the lias, differs 
from the corresponding Himalayan division. 

* I mean to restrict this term to the sequence from the permo-carboniferous up 
to the It^ which differs in facies from what is seen in the Central Himalayas. 

( ) 
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Ptrmo-carh^niferous . — As regards thb system, there is no 
sequence of beds known in the Himalayas which could be compared 
either palaeontologically or lithologically with the red and white 
limestones of the exotic blocks. In most of the sections of the 
younger paleozoics of the Himalayas there is a marked unconformity 
at the base of the Permian ProductuS shales,^ and this would lead to the 
conclusion that the permo-carboniferous is wanting. There is only 
one section known in which the gap appears to the filled up (Lio 
in Spiti), but this section has not yet been worked out in full detail. 
But even supposing faunistical equivalents to the permo-carboniferous 
should be discovered there, their lithological equivalents are undoubt- 
edly absent as the series in question consists of conglomerateSi sand- 
stones, shales and grey limestones.* 

Lower Trias. — The lower trias of the Tibetan series appears to 
be the exact equivalent to the horizon of Flemingiies rohiila * of 
the Himalayan series. There appear to be certain faunistical pecu- 
liarities, but as far as 1 can judge they are of no great importance. 
Lithologically, however, there is a very marked difference, the horizon 
being In the Himalayan series represented by grey or black limestones 
with intercalated bands of black shales. 

Lower Mmschelkalk,-- As regards the lower muschelkalk, the case 
Is much the same as with the lower trias. The fauna, which was 
described by Dinner from red limestone blocks near Peak Chirchun No. 
1 (Middlemiss crag) occurs in the Central Himalayas in grey lime- 
stones with Spirifertna stracheyt below the horizon of Ceraiites 
ihuillieri.^ 

Ladinic or lower Carnic stage. — Beds with Daonella indiia occur 
in the Himalayan series in the ladinic stage as well as in the lower 

> See Griesbach, Mem XXIII, p. 65 ; Hayden, General Report, 1899-1900. 
p. 187. In Spiti the unoouformity occurs at the base of a calcareous sandstone) 
underlying the Productus shales. * 

” Hayden. General Report, 1899-1900, p. 188. 

• This new term 1 introduced to replace the term “ Subrobustus beds,** Diener 
CifOtiUs subrobustus having been proved to belong to the lower muschelkalk. 

* General Report, 1899-1900, p. 205, and 1900-2901, p. 26. 
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tarnlc stage, but their facies is of a dark, mostly black and shaly 
limestone and therefore differs widely from that of the eqtnvalent divi- 
«ion of tlie Tibetan series. 

Upper Carnic stage. — The Tropites\^ox\iovi of the Himalayan series 
is developed in Spiti as a ^rey, brown weathering somewhat shaly, 
nodular limestone with few, badly preserved ammonites.^ At the 
Bambanag cliff, where this horizon has only recently been discovered 
by myself,® it is a grey, shaly limestone alternatir^g in ith grey shales, 
vhich beloi^ to the topmost “ Daonella beds ’’ These limestones ol 
the Bambanag cliff also differ faunistically from the Himalayan and 
Tibetan Tropites horizon by the apparent absence of the genus T ropitet 
and the general paucity of cephalopoda. In Byans, the Tropites horizon 
is represented by grey limestones including a rich and well preserved 
fauna of cephalopoda, among which Tropites is found. The fauna 
appears to be very much richer than that of Exotic Block 2 and to 
differ moreover by the absence of the genus Cladiscites^ which is so 
abundant in the Tibetan facies. 

Daehsteinkalk^ masses of unfossiliferous, grey, dolo* 

mi tic limestones, occurring among the exotic blocks, w'ere correlated 
with the dachsteinkalk pf the Himalayan series. It is necessary to 
state that there is no complete lithological identity between the two, 
the Tibetan grey limestones being massive throughout, while the 
Himalayan dachsteinkalk is well bedded. 

l^ias . — It has been shown above, that the lias must be looked for 
in the Central Himalayas in a series of conformable, grey limestones, 
ranging from upper triassic into middle Jurassic. It is possible that 
limestones, including a species resembling Spinfertna ohtusa, Oppel., 
which I found in Sp ti in a sect on near Gieumal, represent the lias, 
hut so far no unmistakable liassic fossils have been recorded. The 
red cephalopod limestones traced in Johar thus differ widely from 
the equivalent Himalayan beds, both in facies and by the fauna they 
include. 

' General Report, 1899-1900, p. ai8. 

* « « 1900-1901, p. 28. 
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We therefor^ learn from this comparison of the Tibetan with the 
Himalayan series that, though in tvio cases (lower trias and lower 
muschelkalk) a striking faunistical similarity exists, the two series 
differ entirely in lithological description, three of the horizons (permo- 
carboniferous (7), Tropites limestone and lias) being distinguished 
faunistically as well. The only horizon hich affords points of simi- 
larity is the dachsteinkalk. 

Comparison with European Alps , — To compare the Tibetan series 
with occurrences of similar lithological features outside Tibet, we 
must turn to the European Alps, where we find rocks of striking re- 
semblance in the ^^Hallsiatt limestones ** and the red liassic limestones. 
The lithological resemblance is indeed so great that we are justified 
in supposing that the same physical conditions prevailed in the two 
areas. These conditions set in in Tibet at an earlier date (permo- 
carboniferous) than in the Alps (upper muschelkalk). They coincided 
in both areas during upper carnic and low^er liassic times, but it 
appears that during noric times red limestones were deposited in the 
Alps but not in Tibet. 

** Hallstatt yijciVj.— The Alpine IJallstatt facies is confined to 
more or less limited areas, being chiefly met with near Hallstatt, 
Hallein and Berchtesgaden in the Austrian and Bavarian Alps. 
According to Schlosser * it includes all the triassic beds [from the 
Werfen shales'' (lower trias) upwards. The lowest division, the 
Haselgebirge " (uppermost lower trias and lower muschelkalk), 
which is characterised by the occurrence of salt, has apparently no 
dithological equivalent in the Tibetan series and is therefore of iio 
interest here. 

All the rest of the Hallstatt facies, however, with its three main 
divisions : (1) Schreyeralm " or “ Larcheck " limestone and (upper 

' Dr. Max. Schlosser, ** Das Triasgebiet von Hallein '* Zeitschrift d. OeutscK. 
Geol. Gesellsch, Vol. L, part 2, 1898. 

It is sufficient for the present purpose to consider the Alpine occurrences alone. 
Those of Bosnia and Dalmatia can be left out of consideration. 
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muschelkalk, horizon of Ceratites trtnodosus), (2) carnic and (3) noric 
rtallstatt beds, contain red fossiliferous limestones. 

Whitish and grey limestones occur along with the red, and the 
red noric Hallstatt liihestones pass in places into the dachsteinkalk. 
While the red yield great numbers of fossils, chiefly cephalopoda, 
the grey limestones are poor in organic remains 

There also occur breccias, made up of red, earthy and grey lime- 
stones. All the lithological varieties of the facies pass rapidly into 
each other, even within one and the same layer. 

Red Alpine Lias — The red liassic limestones of the Alps resemble 
in many ways thd!se of the Hallstatt trias with which they are also 
closely connected geographically. Changes of facies are common 
although on the whole red limestones prevail. In the Hagengebirge, 
south of Salzburg in Austria, I myself * observed coarse breccias 
which answer in description those recorded from the Hallstatt beds. 

Red Alpine limestones^ no deep sea depostts,^^T\i^ red Alpine 
limestones have been looked upon by some authors as deep sea 
deposits, a theory which owing to its bearing on the origin of the 
Tibetan series will have to be shortly discussed here. 

As to the Hallstatt limestones, an observation, made by Prof 
Koken, who described their Gastropod fauna,® is of great importance. 
Koken noticed that large specimens and species almost invariably show 
traces of old fractures, which had healed during the lifetime of the 
animals and which had locally interrupted the sculpture, without in any 
w^ay hindering the normal growth. From this Koken concludes that 
the animals lived in comparatively shallow, very rough w ater, perhaps 
in the vicinity of cliffs, which were washed by a strong surf. ** Any 
deep sea character is hereby excluded.” This conclusion is in accord- 
ance with the occurrence of breccias as recorded by Schlosser. 

I arrived at similar conclusions with respect to the red liassic lime- 
stones of the Hagengebirge 

’ Jahrbach Geol. Reichsanstalt Vienna, Vol. 47, part 2, 1897* 

* Abha^dlunjgfen Geol Reichsanstalt Vienna, Vol. XVII, part 4, 1897, P* 3 
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A careful examiqation convinced me that these were laid down 
on the slopes of large reefs of dachsteinkalk, which they eventually 
overlapped, owing to a rise in the coast line. This, in connection 
with the occurrence of hreccias, proves them to have* been formed in 
comparatively shallow water. 

We therefore come to the conclusion that the red Alpine limestones 
are not deposits of a deep sea, but of comparatively shallow w^ater in the 
vicinity of grey limestone reefs, and we may conclude that the origin 
of the red Tibetan limestones was a similar one. On the other hand 
stress must be laid on the absence of sandy and shaly materials, which 
clearly points to an open sea, and this is no doubt, as Mr. Griesbach 
suggests, ■ owing to the Tibetan rocks having been deposited at a greater 
distance from the old Indian continent, than the Himalayan series. 

From the above it appears improbable that red limestones should 
be of wide and equal distribution within the Tibetan series. More likely 
'they represent local formations, while grey limestones form the predomi- 
nant rock, and we may suppose that they pass into the latter in the 
same wray that the noric Hallstatt limestones pass into dachsteinkalk. 

This conclusion would be well in accordance w'ith the observation, 
that wMthin the volcanics of Johar grey limestones, mainly in huge 
masses, form the most prominent foreign element, whereas the red 
blocks — at least as far as size is concerned— play a comparatively 
unimportant r61e. 

If the above be correct, it would of course follow^ that the grey 
dolomitic limestones represent not only dachsteinkalk but have a 
considerably wilder range. The term “ dachsteinkalk " applied to 
them must accordingly be understood to be of a provisional character. 

In the foregoing remarks the exotic blocks, representing Spiti 
shales, Gieumal sandstone and upper flysch were left out of con- 
sideration. There is no reason why we should not assume them to 
have come from the same regions as the limestone blocks and we may 
conclude that the Jurassic and cretaceous divisions following above 
the Tibetan series are of a character lithologically identical to those 
seen along the Indo-Tibetan frontier. 

* L^c. cit,, p. 25. 
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IV.- DETAILED DESCRIPTION OF THE AREA. 

{a) The neighbourhood of the Balchdhura Pass.' 

The boundary range rises up north of the Balchdhura pass to an in- 
significant peak, Palchdhura, 18,110/ whence it rur^s north-west to a 
second point marked on the Trigonometrical Survey map, Balchdhura 
No 2, 18,500'. Between these two points the range describes 
a curve * wiih its convex side towards Hund6s. Within this are two 
high peaks, the Balchdhura heights, as I call them ; the eastern 
measuring 18,900' the w^estern slightly less. 

Structure of Flysch.-^To the west of Balchdhura No. 2 the bound- 
ary range is composed of Gieumal sandstone with remains of the 
upper flysch series, vie , the red shales and limestones (4a) which 
alone are preserved. 

About half a mile west of Balchdhura No 2, the upper flysch is 
faulted against the Gieumal sandstone. On the slopes to the south and 
south-east of the Balchdhura heights a magnificent flysch section, the 
best I have seen, is exposed. 

The beds have a constant dip of 10 to 15® to the north-east. 
Ascending this section we meet with a certain amount of folding in 
the black shales (4^), but higher up it is almost undisturbed as far as 
the topmost flysch beds, where there is a very striking feature. 
Tuffs, almost horizontal, first green, then red, end in a sort of narrow 
ledge, to which a debris slope descends from a small thickness of red, 
folded tuffs. This upper, folded tuff band yielding easier to w^eather- 
ing than the slightly inclined tuffs below, the formation of a ledge and 
a debris slope is easily understood, but the question, how the sudden 
change from unfolded to folded beds can have been brought about^ 
I is more difficult to answer. It must of course be due to faulting, 
hut the latter is of an unusual and remarkable character. 

The ledge, with its accompanying features, can be seen following 
^he curve of the boundary range, for at least 2 miles, from Balchdhura 

’ Pis. I and 3 ; section 1 on pi. la. 

* Not marked 011 the map. 
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No. 2 to the northern scarp of Kiogarh No. i. Near the latter it is 
particularly w’ell pronounced (see woodcut below)# 



<4^ig. 1 . Folded and undisturbed tuffs ( 4 /) in boundary range, 
S. E. Batchdhura pass. 


For the whole of this distance the fault follows the strike of the 


beds exactly. This peculiar fault can only be properly understood 
when compared with more complicated disturbances, seen in 
the upper flysch round the base of the Kiogarh high plateau. 
As the comparatively soft flysch deposits are overlaid by rigid 
masses, which must have been originally of a considerably greater 
thickness than is now observed, it is conceivable that, when the 
country was subject to lateral pressure, it was principally the flysch 
that yielded, and it also appears natural that the disturbances thus 
effected should be most pronounced in the neighbourhood of the 
boundary towards the overlying masses. The latter appear to have 
evaded the pressure by being pushed to some extent over the flysch. 
We will see below that the country south of the Kiogarh piateau 
is more intensely disturbed than the districts alluded to above, with 
the result that there the volcanics are folded together with the flysch. 
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Volcantcs, — As soon as we have passed the folded tuff we come 
’ oir the southern slope of the Balchdhura heights upon loose d^bria, 
chiefly composed of amygdaloidal andesite and red limestones. No 
outcrop of igneous rocks in situ was here observed. Involved in the 
debris we find large exotic blocks of various description. 

Exotic blocks, — Of these I have first to mention one of green and 
red tuffs (4/*), found due south below the western summit of the Balch- 
dhura heights. It is greatly contorted and crushed but has a general 
steep dip towards north-east (70® to 80®). The pressure it has 
sustained is also indicated by almost every single bedding plane being 
slickensided. Red limestone blocks, mostly small in size, are also seen. 
Two of the largest of these have yielded fossils, visf.^ E. B. i Daonella 
indicay E. B. 2 ammonites of upper carnic stage. 

Exotic block /. — Block 1 is of a longish form, divided up into 
several more or less disconnected parts by ddbris of green andesite. 
On the whole it can be said to dip towards north-east and strike about 
north-west to south-east, but neither dip nor strike are constant 
throughout its entire length. Faults abound and strong crushing is 
noticeable, the andesite being even folded into the red limestone 
locally. 

Exotic block 2.— Block 2 with its upper carnic cephalopod fauna 
crops out from a debris slope to the south-south-east of the eastern 
summit. No bedding can be seen. The limestone is in part altered 
and only after some search did I find fossils in it. Near it is another 
rather large limestone block of pinnacle shape, made up of vertical 
beds, but this did not yield any fossils. 

As regards the Balchdhura heights proper, they are of a peculiar 
description, being composed chiefly of greenish sandstones and shales, 
with a few isolated, densely red limestone blocks, t 

Gieumal sandstone blocks, — Besides these foreign elements, of 
which the two first I believe represent Gieumal sandstone and Spiti 
shales, igneous rocks play an unimportant part. We shall see lAtef on 
that in the Kiogarh plateau aUo foreign elements predominate in places 
to such an extent as to exclude almost entirely the ignebus rocks. 
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Seen from afar the Gieiimal sandstones look as if they ^ere bedded, 
and this no doubt was the case originally. But on closer examination 
this bedding is no longer recognized. The apparent layers of sand- 
stone are found to be split up by innumerable small faults into angular 
fragments. Often the shaly matter has been the lubricant by means 
of which one block was pushed over another. The interstices between 
the blocks are as a rule filled out by breccia- like matter of shale 
with small pieces of sandstone. Large sandstone blocks make up the 
actual heights. The western summit is formed by a huge block with 
particularly bold outlines. 

Balchdhura Pats , — Descending from the Balchdhura heights 
towards the pass we soon come upon lavas partly altered into 
serpentine. Thus a flat, conical elevation on the ridge near E. B. 
2 is composed of that rock. A specimen of serpentine from the 
frontier range south-east of the Balchdhura pass was found by 
Mr. Holland to be an altered peridotite with chromite. The top of the 
range is thinly studded over with limestone and sandstone blocks, the 
latter being here again occasionally of large size (see woodcut below). 



Fig. a. Blocks of Gieumul' sandstones in basic igneous rocks near 
Peak Balchdhura, 18,110'. 
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(b) The Kioffarh High Plateau.' 

About one mile south-east of the Balchdhura pass there rises an 
extended mountain mass with a number of peaks, raiding from 18,000' 
to somewhat above 19,000'.* 

High Plateau , — The whole is a wide high plateau, intersected by 
two rivers (Sami and Gh^tim^min rivers) and by four passes, leading 
from these rivers and their branches into Johar. The plateau character 
is most pronounced to the west of the Sami river (Kiogarh No. i, 
No. 2 and No. 3). The country between the Sami and Ghitdmdmin 
valleys is modelled out into abroad ridge and a similar ridge borders the 
Ghdt^memin valley to the east. Towards Johar the plateau ends pre- 
cipitately in high, steep cliffs. There is therefore between the Balch- 
dhura and Kiogarh-Chaldu passes no real dividing range with equally 
steep declivities on either side. The boundary coincides, it is true, 
with the watershed, but this is formed by the edge of a plateau. 

The Kiogarh peaks were in 1892 recognized to be exotic masses 
(see introduction). Messrs. Griesbach, Diener and Middlemiss could 
not however attempt anything beyond a superficial examination of 
the area. 

In the following 1 propose to describe first the flysch base and 
afterwards the masses that make up the Kiogarh plateau proper. 

i,^The Flysch. 

Gieumal sands t one , Gieumal sandstone encircles the Kiogarh 
plateau, without touching it, to the west, extending to the east nearly 
as far as Malla Kiogarh £. G. 

^ Plates 2 and 3. Section 2 dn pi t2. 

* As the Trigonometrical survey map contains only a few names of localities 
which are insufficient for the purpose of a detailed description of the area, 1 have 
^introduced the following new names : Kiogarh Na i, No. 2 , No. 3, No. 4. and 
No b^the latter peak is called Kiogarh f’ only on the Tr^nometrical Surrey 
map), **Somi Valley*' (see pi. a), **Sami Pass," **GhdtAmdmm Paas,** 
**GhdtArodmin Valley," *«Sami E. G.," ** Balchdhura E. G.," Kiogarh Chirchun 
E. G.;* Tat^ Kiogarh £. G. I and 11 , " Malla Kiogarh E. G. 1 and II." 
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On the whole the beds dip towards the high plateau but are in 
many places folded and faulted. A beautiful reversed fault is exposed 
in the deep ravine of the Kiogarh river, near Talla Kiogarh I. E. G., 
being marked by a strip of red shales (4 <»), hemmed in between 
two masses of Gieumal sandstone. A very complicated structure sets 
in east of Talla Kiogarh E. G. At the latter locality the sandstone 
disappears in a steep, almost vertical flexure w'ith a north to south 
strike. Further east it again comes to the surface, greatly folded, and 
reaches for some distance up the various branches of the Kiogarh 
river. On this base of Gieumal sandstone rests the upper flysch. 

Upper Fly sch.^^e have seen in the preceding chapter that the 
sequence is but little disturbed in the neighbourhood of the Balchdhura 
pass. The sketch on PI. 13 shows that in ridges I, II and III no dis- 
turbances are present beyond the folding of the tuffs (sub-div. 4/) and 
a general incline of the beds towards east and north-easU In ridges 
IV and V folding sets in in the sandstone (4 e)y but the series is com- 
plete both here and in ridge VI. Ridge VII is a disturbed, incomplete 
flysch section. On the shales (4 the igneous rocks follow imme- 
diately. The higher flysch beds are wanting. Passing to the south- 
west side of the Kiogarh plateau we And much the same feature as on 
ridge VII. Nowhere is the upper flysch series complete. As a rule 
the youngest sub-division visible is formed by the shales and flaggy 
limestones (4 ^), but occasionally the brown sandstones (4 c) are met 
with. Small outcrops of the tuffs (4/) occur in some places but never 
in a normal position. As a rule they project from the black shales 
(4}). No traces of the hard shales (4 nor of the sandstones with 
fucoids (4 e) are seen. The latter reappear however in great force on 
the Kiogarh-Cbaldu pass. 

Black shales form the chief component of the ridges descending 
from the Kiogarh plateau towards south-west. For this reason the 
structure Js difficult and often impossible to unravel. Unfortunately 
the brown limestones intercalate^ with them seldom afford any help 
in this respect, as instead of forming clear outcrops, they weather into 
ddbris, producing light brown patches on the black shale ground. 
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1 must therefore confine myself to mentioning a few discon- 
nected observations that testify to the fact of intense disturbances 
having taken place. 

From the passes between Kiogarh No. i and No. 2 and Kiogarh 
No. 2 and No. 3 branches of a small river run down tovard^ south-west 
to a valley bounded on the north-west and south-east by ridges. The 
ridge north-west of this valley is comp^^tjed, as far as the upper 
flysch is concerned, entirely of the red shales (4^) and the black 
shales (4^), the latter rich in ferruginous concretions On these 
shales follow immediately the igneous rocks, the rest of the upper 
flysch series being entirely absent 

On the ridge south-east of the same valley the Gieumal sandstone 
IS overlaid by the red and green shales (4a) and the black shales (4i{>). 
Light brown patches, produced by the weathering of the flaggy 
limestones, appear in several places and seem to indicate that the 
shales are folded. Higher up the tuffs (4/) appear. These are over- 
laid by black shales (4^) and these again by tuffs The latter 
eventually disappear beneath igneous rocks. 

Between these two ridges, at the base of Kiogarh No 2, one 
exposure is as follows : flaggy limestones and shales (4b) are laid into 
narrow zigzag folds. Above this follows an outcrop of tuffs {4/) 
covered higher up by debris from Kiogarh No. 2. 

The upper part of the flysch ridge ascending to Kiogarh No. 3 
from Malla Kiogarh I E. G. is very similar to the foregoing. It is 
composed almost entirely of the black shales (4^), but here remains of 
the sandstones (4^) crop out from among the shales. The latter 
reach up to the debris that surrounds the base of the peak. 

In the nullah ascending to the Sami pass black shales with brown 
ilaggy limestones (4^) and tuffs (4/ ) are seen folded into each other. 
The brown sandstones (4^) occur here too, but there is no trace of 
the sandstones (4^). Outcrops of tuffs are again met with higher up 
on either side of the nullah about half a mile south of the pass. The beds 
are iiorizontal'^and are covered below Sami E. G. by volcanics with 
completely a|tered limestone blocks. 

Further^ south-east towards the Kiogarh-Chaldu pass the sam^ 
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f eatures prevail as in the above described ridges. But near the pass 
the sandstones with fucoids {4/) come in and form the ridge over 
which the pass leads into Hund^s. 

a.— The Tolcantcs and exotic blocks. 

Volcanics.>^ln the Kiogarh high plateau the volcanics attain 
their highest development. The thickness of these rocks is more con- 
siderable than either north or south of the high plateau and the number 
and rise of the exotic blocks exceeds anything seen elsewhere. On 
the whole we can distinguish a lower and an upper division. The 

lower one is composed of lavas, including small 
Two dtvtnons. large limestone and sandstone blocks, while 

the upper division represents a gigantic accumulation of igneous and 
non-igneous rocks in which grey limestones prevail, mixed with dark 
lavas and smaller blocks of red limestone. 

These two divisions are well seen in the south-west scarp of the 
Kiogarh high plateau, whereas in the* north-west and north-east 
slope of Kiogarh No. 1 they are but indistinctly marked. 

At the south-west slope of Kiogarh No. i and to the north of the 
Kiogarh-Chaldu pass outcrops of solid igneous rocks are seen which 
are practically free from foreign elements. Everywhere else exotic 
blocks abound, being of all possible sizes and various descriptions. 

Exotic Blocks . — Red and grey limestones are most common. 
They are greatly altered, traversed by intrusive veins and often per- 
fectly saturated w^ith igneous matter, which has entered all the minor 
fissures. In addition to this they have undergone great crushing. 
This not only appears from the abundance of faults, but also from 
the folded intrusive veins. Red and grey limestones are completely 
mixed up with each other. In the ridge ascending from south west 
towards Kiogarh No. I, I met wdth a block of thiii-bedded, red lime- 
stone, shut in between two large masses of grey limestone. 

Scarcity of The limestones are mostly devoid of any 

fossil remains and 1 have only been able to trace 
Pormo carboniferous. fossiliferous horizon. A loose block found 

near Malla SangchaE. G.^ yielded a number of brachigpoda idei^tical 
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.with t3rpes described from the peakChirchun No. i. In spite of many 
days’ search all over the Johar side of the Kiogarh plateau, 1 did not 
find a single fossiliferous block in situ. 

Greenish grey sandstone blocks are also often seen, but nowhere 
do they alone compose large tracts, as in the Balchdhura heights, 

A rare type of block is represented by thin-bedded, brown limestones 
(43) of the upper flysch. These crop o^ ^ from volcanic d 6 bris at 
the foot of the northern scarp of Kiogarh No. i. The limestones 
are greatly contorted but show a general dip towards east (E. B. 3 on 
map, section 3 on pi. 12). 

In describing the actual high plateau we may start from Kiogarh- 
No. 5 and thence proceed towards the north-west. I must remark that, 
as the watershed forms the boundary of Hundes, which country I was 
not allowed to enter, my description must of necessity be incomplete. 

Kiogarh No. 5.— Approaching Kiogarh No. 5 from the Kiogarh- 
Chaldu pass we soon leave the sandstones with fucoids (4^) for the 
basic igneous rocks> composing the boundary range up to the 
base of Kiogarh No. 5. They are for the greater part w^eathered into 
d 4 bris, but in one locality, on the western slope of the boundary 
range, not far from E. B. 8, an outcrop of lavas with sphaeroidal 
structure is seen. With them is associated the pitchstone breccia 
described above. 

Exotic blocks are seen in many places. The largest (E. B. 8) 
is represented in the photograph on pi. 7, which distinctly shows 
the striking contrast between the dark, basic, igneous tocks and the 
light g^ey limestones. 

Reaching the base of the actual summit of Kiogarh No. 5 we 
arrive at a larger dolomitic limestone mass rising in steep cliffs to a 
height of approximately 200 feet. It seems as if it were one huge block, 
but very likely this is not the case, as igneous rocks crop out in places 
of the limestone (see drawing pi. 10). I have little doubt that peak 
Kiogarh No. 5 is like Kiogarh No. 3 (see next page) actually made up 
of an accumulation of huge limestone blocks mixed with some igneous 
material, but to ascertain this, the Tibetan side of the mountain sho^ld 
abo be examined. 
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Ghitamimin /’/iw.— To the north* west KiogarhNo. 5 descends to 
the Ghitdm^min pass, which is within the volcanics. From this pass 
the narrow Ghitdmimin valley descends (N ao'E) into Hund^s. This 
valley would probably aiford a very good section through the masses 
composing Kiogarh No. 4 and No. 6. I could see from the pass that 
in the steep eastern scarp of these peaks igneous rocks are exposed, 
which incldde huge grey limestone blocks. 

Kiogarh No. 4 . — Kiogarh No. 4 is on its western and southern 
slopes almost completely covered over with d6bris, in which limestones 
predominate. Patches of dark igneous rocks occur within the lime- 
stone debris, as for instance on the ridge descending tow^ards Sami 
pass. 

Kiogarh No. j. — Kiogarh No. 3 is steeply inclined tow^ards south* 
west, but on the other side gradually descends into the Sami valley. In 
the woodcut below' it may be seen that the peak is not a single block, 
but consists of several huge blocks, piled upon each other, with volcanics 
between. 



Fig 3. Kiogarh No. 3 from S.E (after a photograph)* 
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A longisli patch of igneous rocks (diabase according to Mr. Holland’s 
determination of a hand specimen) is seen near the top of Kiogarli 
No. 3 on pi. 3. 

Kiogarh No. 2 , — Kiogarh No. 2, the lowest of the Kiogarh peaks, 
is in outline similar to Kiogarh No. 3, This again is more likely an 
accumulation of limestone blocks than a single block, although 1 am 
bouiid to say that I have not noticed any vof'anic material within the 
limestones. 

Kiogarh No. /.—A view from the pass between Kiogarh No. i 
and No. 2 towards the interior of the high plateau is seen on pi. 6* 
The limestones hav^all been marked in the photograph as dachstein- 
kalk although subordinate red limestones are also seen. The plateau 
is made up of igneous rocks and limestones, which apparently com- 
pose the distant peak Ghit^m^min, seen to the right on the photograph. 

I noticed thereabouts large masses of densely red limestones, which 
in tint recall the liassic blocks. The igneous rocks with the limestones 
included reach towards the west almost up to the summit of Kiogarh 
No. 1 and there cover a number of huge, grey limestone blocks 
which on the south-west, north and north-west scarps of Kiogarh No. i 
are exposed in perpendicular walls.^ In the north-west slope of 
Kiogarh No. i one meets with large blocks everywhere, becoming more 
and more considerable in size towards the top of the peak.* 

The photograph on pi. 5 taken from a high ridge in the north-east 
scarp of Kiogarh No. i may serve to give an idea of the coarse, tumul- 
tuous accumulation of rocks composing this peak. 

Exotic block in A.— Before leaving the Kiogarh peaks, 

mention must be made of a few exotic blocks that occur within the 
upper flysch near Malla Kiogarh I. E.G. (E. Bs. 4, 5, 6, 7). Blocks 
4, 6, 7 are of liassic, block 5 probably of triassic age. All these ocjcui- 
rences are associated with igneous rocks and surrounded by the black 

' The outlines of these blocks had to be considerably simplified on the map. 

* Limestones and igneous rocks have been distinguished in the drawing on 
pi. 2 as far as possible by lettering. But it would be impossible to show the confu- 
sion prevailing more than approximately. The limestones, though not exclnsively 
grey^ have all been marked as dachsteinkalk. 
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shales (4^). Block 4 is made up of almost horizontal strata of concre- 
tionary limestones, the lower beds being grey, the upper red 1 found 
no fossils in these, but the lithological character of the rock makes 
its liassic age pretty certain. 

Block 5 is a massive, much altered, red limestone, very poor in 
fossils. It has yielded one ammonite strongly resembling Sageceras 
and appears thus to be of middle or upper triassic age. 

Block 6 yielded some specimens of Arietttes. Belemnites and ill- 
preserved bivalves are common in certain earthy layers. The beds 
have a low dip towards north. I united this block on the map with a 
small outcrop of presumably liassic limestone to the south-west of it, 
which is completely unfossiliferous and shows vertical beds. 

Block 7 yielded an ill-preserved specimen of Phylloceras. Seeing 
that the dip is the same as in the neighbouring block 6, the two may 
be connected subterraneously. 

It is clear that the occurrence of these igneous rocks andj exotic 
block in the midst of the upper flysch must be due to disturbances. 
Similar instances wmU be described below from the area south of the 
Kiogarh plateau (see also Results 


(c) The area south of the Kiogarh Plateau (Plates 4, 8, 9, 
and sections 3 and 4 on plate 13). 

/. — Structural features. 

South of the Kiogarh plateau the structure assumes a more com- 
plicated character. 

Triasso-jurassic anticline .— is to the west the triasso- 
Jurassic anticline, which, appearing underneath the Spiti shales in 
the ravine of the Kiogarh river somewhat below Talla Kiogarh LEG., 
gradually ascends towards the high peak Lahtir (app. 18,000 feet). 
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East of the anticline a thrust-fault is seen, and what lies east of 
the latter consists of flysch and the eocene igneous rocks, no older 
beds than Gieumal sandstone being exposed. The fault appears to 
have been originally a narrow syncline W'hich was subsequent 'y con- 
verted into a thrust-fault with the result that parts of th^ lower limb of 
the original syncline were cut out. 

The anticline is of a dome shaped uharacter. At the base it is 
denuded down to the middle jurassic limestones, Spiti shales being 
preserved in one small patch only. The eastern limb, however, includes 
Spiti shales, Gieumal sandstone and part of the upper flysch. This 
limb is generally of a simple structure, the dip being low, but in the 
neighbourhood of the fault, the structure becomes complicated. I 
have already described the flexure which suddenly sets in at Talla 
Kiogarh IL E.G., and further east the beds, chiefly Gieumal sandstones 
with remains of upper flysch, are laid into narrow zigzag folds until 
the fault is reached. 

We have now to consider the structure of the area to the east of 
the fault. 

Near Kiogarh Chirchun E G a magnificent section is exposed, 
plainly showing an overfold made up of Gieumal sandstone, upper 
flysch and the eocene volcanics (see pi. 4). 

Over^fold in Flysch ,— longer limb of the overfold is little dis- 
turbed and represents from the Gieumal sandstone up to the sandstones 
(4^), a normal sequence of beds. Above the last mentioned sandstones 
the tuffs (4/) should be found, but they must be wanting as they were 
nowhere observed, a fact which, as will be shown below, must be ex- 
plained by denudation having preceded the volcanic eruptions. In 
the case of the overfold a small reversed fault is seen which traverses 
the brown sandstones (4^), and the hard shales (4^). 

In the lower limb, which is partly encumbered by debris, the only 
flysch divisions visible are the red shales {4a) and the sandstones (4^). 
This overfold borders to the west on the great thrust fault. Here 
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ftn dJiticline of Gieumai sandstone is seen, which is covered by remains 
of the red shales {4a), Between this and the sandstones (4^) the basic 
igneous rocks have been squeezed out and reduced to a lens-shaped 
complex, connected with a block of completely altered limestone 
(E. B. 10), and further north-east in the strike of the fault-plane, 
there is another very large limestone block of permo-carbon iferous 
age (E. B. 9), w'hich also originally belonged to the lower limb of the 
overfold, but has been isolated by denudation. 

The fault-plane also cuts through the lower part of a ridge situated 
between two branches of the Kiogarh river (ridge 11 in section 3, pi, 
12). The features are much the same as further south, but there 
are no igneous rocks seen along the fault. The black shales (4^)'i 
here partly preserved, are followed immediately by the sandstones (4^). 

Further north the fault could not be traced, but the exotic blocks 
seen near Malla Kiogarh I E.G , may be supposed to lie in the strike of 
the thrust-plane, which may account for the abnormal position of these 
blocks also. 

Towards the south the fault crosses the range and then runs along 
the western foot of the ridge which bears E. B. 20. The greater 
part of the flysch is here cut out, but owing to the inaccessibility ^ of 
this area, the structure could not be cleared up satisfactorily. 

Sections through ridges near Kiogarh Chirchun E. G . — To 
the east of the overfold W'e come upon another complicated section. 
Ihe beds descend in a low dip to the east and cross the path 
leading to the Kiogarh-Chirchun pass. At this place one of the 
branches of the Kiogarh river cuts a ravine through them, thus 
aflbrding a very good exposure. (See ridge 1 in section 3 and sec- 
tion 4, pi. 13). At the base of the ridge there are the sandstones 
(4^) and faulted on top of them a small thickness of shales and sand- 
stones representing part of another mass of division ^e. The beds 
therefore are doubled owing to a reversed fault {a — e)f which is very 

> To work out this corner I had to camp at x8»ooo ft. Unfortunately I waS 
driven down by heavy snow after a short stay. 
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sharply marked, as the upper sandstone beds can be seen to be cut 
joff abruptly by the fault. 

Above the upper sandstone remains of igneous rocks are seen, but 
the tuffs (4/) are not present here either. The volcanicL are overlaid 
by black shales with thin- bedded brown limestones (iJ), the result of a 
second reversed fault {b — b). Recurring patches of debris from the 
brown weathering limestones suggest gtefil complications in the struc- 
ture of sub-division 4 3 , which have been indicated on the section by 
a number of diagrammatic folds. 

The two faults are also seen in ridge II to the north of Kiogarh 
Chirchun E.G.^ We have seen above that in this ridge the sandstones 
(4^) follow above the great thrust-fault, which traverses the lower part 
of it. At first these sandstones lie almost flat, but rather more than 
half way up an eastern dip sets in abruptly, the result of fault a— a. 
In this ridge the shales, which are noticed in ridge I, are completely 
cut out. Above the sandstone remains of igneous rocks are found here 
too, but they disappear at the ridge and are cut out further north. The 
igneous rocks are here as in ridge I overlaid by black shales (fault 
Further north the sandstones (4^) reach as far as Malla Kiogarh 
I, where they disappear under the shales 4b (pi. 3). South of ridge I, 
the structure is less clear, but it can be seen that the volcanics swell 
out considerably in this direction. Here again compact lavas are 
seen which show the same sphaeroidal structure as those near Kiogarh- 
Chaldu pass. 1 hey contain small blocks of a densely red limestone 
and are associated with breccias made up of andesite and red lime- 
stone. 

These igneous rocks are connected with those which further west 
cover the root of the overfold, and this indicates that the sandstones 
overlying fault a— a in ridge I represent a wedge that thins out 
towards west. East and south of these igneous rocks shales (4^) arc 
met with, which are no doubt faulted against them (fault i—i ir 
ridge 1). 


* See also view on pi. 3 to the right. 
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2 . — The Exotic blocks, 

. South of the Kiogarh high plateau igneous rocks occur in three 
patches. The largest of these is very complicated in outline, owing to 
the disturbances it 1 ms undergone. It is remarkable for its very 
interesting blocks. Of these E Bs. 9, 13, 15 to 18 and 20 yielded 
fossils, pointing to permo-carbon if erous (9, 13, 15, 18), lower Hassic 
(16,17) and lower triassic age (20). Other horizons represented are : 
Gieumal sandstone, dachsteinkalk and upper flysch, sub-division 46 
(14 on map). We will first consider the— 

Permo-carbofti/erous blocks , — E. B, 9 is the largest of that age 
found in Malla Johar. It is comparatively little altered, no doubt in 
consequence of its size. As recorded above, rare permo-carbon iferous 
hrachiopofia are found in it. A few fossils of this age were also found 
in blocks I3) *5 A permo*carboniferous age can safely be 

inferred with respect to blocks ii and 12, as large crinoid stems 
abound in them. Block 10 and several others (left out on map) are 
of doubtful age. What has been mapped as E. B. 18, is a large 
number of blocks of red and white limestones (pi. 9). They yielded 
a few permo-carboniferous species. 

Lower Liassic blocks , — In the vicinity of E. B. 18 intensely red, 
conspicuous patches of debris are seen. In these ammonites of lower 
liassic age were found. In one place the limestone is in situ (partly 
to be seen on pi. 9). There it is noticed that the rock is bedded, 
concretionary, chiefly of red colour but with a few grey layers, thicker 
than the red beds. It is impossible to say how many liassic blocks 
jwere originally present, as they have all been more or less decomposed 
into large patches of debris. We can distinguish two main occurrences, 
one (E. B. 17) situated near £ B. 18 and the other, £. B. 16 some- 
what higher up near the crest of a ridge running from south to north. 

Lower triassic blocks (Fig 4 below).— On the frontier ridge south 
of the liassic crags an occurrence of red limestones with ammonites 
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of lower triassic age was discovered. This again is not a single block 
tut an accumulation of large sized blocks. 



Fig. 4. Exotic block 20 from North. 

The collections referred to were made from the small peak seen to 
the left on the above woodcut. 

This small peak consists of rather thin beds, dipping approximately 
80® south-east and striking south-west to north-«ast. The limestone 
is chiefly red with subordinate grey layers. It rests on green andesites 
and volcanic breccias. 

To the east the block borders on the black shales (4^) which 
compose the boundary range to a short distance beyond the Kiogarh- 
Chirchun pass. Thin-bedded distorted brown limestones of the 
upper flysch {4A) crop out from the ddbris slope south of the E. 
B. , but 1 could not determine whether these represent another 
block or not. D6bris of red limestone connects the small block I have 
just described with similar limestones capping the boundary range 
further west, which are also underlaid by igneous rocks. This latter 
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part of E. B. 20 also extends for some distance south, where the 
boundary range turns round towards peak Kungribingri No. 2. The, 
rock is extremely altered and calcspar veins abound in it, but there is 
an approximately horizontal bedding seen in places. Traces of amnto^ 
niteSj resembling Danubites and Flemtngites are not uncommon, in 
spite of the altered state of the rock. From the highest point of block 
20 (app. 18,500') it may be seen that igneous rocks reach down 
towards south-east into a valley running in the direction of Chirchun 
£. G. In this valley exotic blocks also occur.^ 

Unfossiltferous blocks , — We now proceed to consider the un- 
fossil iferous blocks. 

Sandstone blocks, apparently representing Gieumal sandstone, may 
be seen almost everywhere, especially near the liassic block No. 16, 
where they are perfectly denuded out of the igneous rocks and near 
E. B. 12 (see pi. 4 and map). 

Grey limestones (dachsteinkalk) occur in one or two places in 
the vicinity of the liassic blocks. The limestone is decomposed into 
small debris heaps. 

E. B. 14 is an occurrence of black shales extremely crushed and 
weathering rusty brown, which looks exactly like certain paixozoic 
shales. Ferruginous concretions being common and brown weathering 
flaggy limestones with plant remains interbedded, there can be no 
doubt that the occurrence represents sub-division 4^ of the upper 
flysch. 

Two small patches of igneous rocks are seen at a short distance to 
the north and north-east of the Kiogarh -Chirchun pass. The larger 
of these includes an accumulation of large blocks, mapped as exotic 
block 19 (pi. 8). This is one of the most conspicuous blocks of 
the area, but unfortunately is devoid even of traces of fossils. The 
limestone is much altered, massive, of a red and white streaky colour^ 

' One of these exotic blocks is represented on both Mr Griesbach’s and Dr. 
Diener's maps. In addition to these 1 have marked two others which 1 noticed 
from a distance. 
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and in my opinion is of the permo-carboniferous block t3rpe. On or\e 
side it is bordered by black shales (4^)1 on the other side by igneous 
rocks (5). 


V.-RESULTS. 

In the preceding chapters all but occasional references to the 
question of the origin of the exotic blocks has ueen purposely omitted. 
The subject is one whose complexity deserves a special treatment, 
which could not be undertaken before the area had been fully described. 

Before proceeding to express my own view, I must deal with the 
theories applied to the European Klippen " which are discussed 
by Dienei in connection with the exotic blocks of Tibet and Johar. 
As, however, none of these holds good in the present case, I do not 
propose to enter at any length into this subject, and I may be allowed 
to refer the reader for more detailed information on these theories 
to Prof. Diener's paper. 

Exotic blocks not due to structural causes — It will be found that, 
with the exception of one, all the theories in question, as well as that 
advanced by Mr. Griesbach, consider the Klippen '' to be the result 
of one or the other form of structural causes, be it faulting (Griesbach), 
crushing of anticliqes (Neumayer and Studer-Moesch), or overthrusts 
(recumbent folds) (Bertrand and others). 

One theory (Stache-Uhlig-Renevier) applied to Carpathian and 
Swiss occurrences, explains the Klippen ” as outcrops of an older series, 
unco^{ormably overlaid by younger deposits. 1 need hardly say that 
in no respect can the latter theory be seriously discussed in connection 
with the Johar and Chirchun blocks. 

Those which assume structural causes would imply that the exotic 
blocks were brought into existence by the disturbances which lead to 
the upheaval of the Himalayas. This, however, is not the case. We 
have seen that the volcanics, which include the blocks, were folded 
together with the flysch. From this we can only conclude that the 
volcanics and consequently also the exotic blocks were pre-existent to 
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those disturbances, and any causal connection between the latter and 
the blocks is therefore impossible. 

Nor is it at all conceivable that folding or faulting should have 
brought about those features, which were described in the above 
chapters. None of the theories alluded to would explain the presence 
of the volcanics and their intimate connection with the exotic blocks. 

A simple and as I believe satisfactory solution of the problem is, 
however, obtained if we attribute the exotic blocks to volcanic out- 
bursts. 

We have seen above that the exotic blocks are involved in volcanic 
rocks and it cannot for a moment be doubtful that both the volcanic 
and non-volcanic rocks came into existence simultaneously. No more 
-likely conclusion can therefore be drawn, than that the exotic blocks 
are caused by volcanic eruptions. They must be derived from rocks 
which were shattered into pieces by steam blasts and hurled up and 
ejected or floated upwards by erupting lavas through volcanic vents. 

1 he exotic blocks thus must be understood to be fragments, torn 
from rocks in sitUf through which the eruptive forces opened their 
way. In many cases the limestones had been intruded by igneous 
rocks, previous to their being torn off and ejected, and some of them 
underwent great pressure subsequently with the result that the veins 
were plicated. 

Let us for a moment put aside those huge masses of grey lime- 
stone and Gieumal sandstone, found within the Kiogaih high plateau 
and the Balchdhura heights respectively and only consider the accu- 
mulation of lavas and smaller non-volcanic blocks, which is general in 
}ohar. Numerous instances of similar occurrences from other parts 
of the world can be quoted, which are universally explained by 
volcanic outbursts. The fragments of slate, which largely make up 
the volcanic cones of the Eifel, the fragments of cretaceous limestones 
found on the slopes of Mount Vesuvius, the abundant non-volcanic 
materials imbedded in the carboniferous volcanic rocks of the Firth of 
Forth,^ sandstones with rhaetic fossils, limestones w ith 1 lassie fossils 

> Geikie, Transactions Roy. Soc § Edinburgh, VoL XXIX, i88o« 
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and fragments of cretaceous (?) chert, recently discovered in the vent 
of a tertiary volcano on the Isle of Arran ; ^ limestones with fossiiv 
included in tuffs of the volcano of Santorin ;■ crag-shaped, marmorized 
limestones and alabaster found in the crater of the volcano Palandokan 
in Armenia;* further, pieces of older rocks, '^crowded with crinoids** 
occurring in the eocene traps of the hidus Valley,* all these occur- 
rences fall more or less into line with the exotic blocks of Johar 
and Tibet. These instances could be greatly augmented, but those 
mentioned will suffice. 

Counter arguments^^The theory here advanced was shortly dis- 
cussed and rejected by Diener in his “ Ergebnisse,” p 606. According 
to him i^ would be wrong to imagine that the exotic blocks had been 
torn off from the depth and brought up by igneous rocks, like the ejec- 
ted fragments of cretaceous limestone in the lavas of Mount Vesuvius. 
His arguments are that the unaltered state of the limestones of Peak 
Chirchun No. i and the good preservation of the fossils even on the 
contact with the igneous rocks as well as the absence of contact 
minerals exclude this theory. 

These arguments might, however, be met by counter arguments. 
First of all we know now that fossiliferous blocks are greatly in the 
minority, the bulk being entirely altered. Diener himself noticed 
this near Talla Sangcha (1. c. p. 600), remarking that the limestones 
are “ for the greater part crystalline, marmorized and highly altered in 
the contact." 

On the other hand the little altered state of and the occurrence of 
well preserved fossils in a few of these innumerable blocks does not 
tell as much against my theory as Diener was inclined to believe. 

The limestones ejected by Mount Vesuvius have yielded several 
hundred species of shells, which cannot have been of very bad preser « 
vation, since they were specifically determinable.* 

' Summary of progress of the Geological Survey of the United Kingdom fot 
1899, p. 133 - 

* Fritsch Zeitsch. d. Deutsch Geol. Gesellsch, XXIU, 1871, p. 208. 

* Abtch, Goologie des Armenischen HochlandeS, Western half« 18829 p. 76* 

* L^ 4 elAcer. Mem. X^ll, p. 113. 

* Judd, Volcanoes* p. 45. 
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In his description of the carboniferous volcanic rocks of the Firth 
of Forth basin Sir A. Geikie' remarks : “ In a great many cases the 
fragments of shale, sandstone and other sedimentary strata imbedded 
in the ejected debris are so unchanged that they cannot on a fresh 
fracture be distinguished from the parent beds at a short distance 
from the vent The Spirifers, Lingulae, Crinoids, cases, 

Gadoid scales and other fossils are often as fresh and perfect in the 
fragments of rock imbedded in tuff as they are in the rock in situ ” 
Indeed in most of the occurrences compared above with the volcanics 
of Johar, determinable fossils have been found. 

The absence of contact minerals is a still less conclusive objection. 
Diener himself describes Peak Chirchun No. i as being traversed by a 
dyke and yet no contact minerals were found. Nor have I discovered 
any near the intrusive veins so often met with in exotic limestone 
blocks. If then they were not produced by these intrusions, there is 
no necessity why they should be present at all. 

But there is another more powerful objection that might be raised 
to the theory advanced above. 

We have so far not taken into account those huge, grey limestone 
masses, found within the Kiogarh high plateau and the large masses 
of Gieumal sandstone occurring in the Balchdhura heights The size 
of these blocks is so stupendous, that the impossibility their being 
ejected through volcanic vents might be urged. I am unfortunately 
not in possession of exact data as to the volume of the largest blocks, 
yet there can be little doubt that some of them are many thousand 
cubic yards in bulk. To bring up such enormous masses, eruptive 
forces are required infinitely more violent than those to which the 
non-volcanic fragmental materials of Mount Vesuvius or the Eifel are 
due, and yet this is, in my opinion, the only possible explanation.* We 

* Transactions Roy. Soc, Edinburgh, Vol. XXIX, 1880, p. 459. 

• There can be no question of the large blocks being in origin essentially 
different from the smaller ones. The^imestone fragments met with are of all sizes 
from small pieces up to huge blocks^ the two extremes being linked by every 
possible intermediate size. On the whole, the higher we ascend in the volcanics* 
the larger the blocks, but also the largest ones are surrounded and partly covered 
by igneous rocks, in which small sized limestone fragments occur. 
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must indeed assume that the geological phenomenon is the same in 
Johar and Tibet as in the instances quoted, but that the^cale on which 
it worked was a very much larger one. This latter assumption is fuUy 
justified by the fact that the volume of the fragmental materials as a 
whole and the size of many of the detac^^ blocks exceeds anything 
kpown from the instances alluded to abov© 

I am not aware of any occurrence in other parts of the globe 
which could be directly compared to the one here in question, but the 
extreme violence sometimes displayed during volcanic outbursts may 
be illustrated by a few instances. 

As to recent volcanoes the outbursts of G. Pepandajan in Java in 
1772 may be quoted. According to J. Junghuhn ^ an area of more 
than 20 square miles was covered to an average thickness of 50 feet 
by lava blocks and finer detritus, erupted during a single outburst. 
Measured from the middle of the crater to the most distant boundaries 
of the ejected material, this area had a length of more than eight miles. 
The volume of the erupted masses is said to have been 29,343 million 
cubic feet. 

The volcano of Cotopaxi has been known to throw out, to the dis- 
tance of eight or nine miles, a mass of rock about one hundred cubic 
yards in volume.* 

Attention may further be drawn to a remarkable occurrence in the 
tertiary basalts of the Isle of Mull, described by Sir Archibald Geikie.* 
Near|the summit of Sgurr Dearg, bedded basalts enclose a lenticular 
band of exceedingly coarse breccia, consisting mainly of angular 
pieces of quartzite withjragments of amygdaloidal basalt. In the midst 
of the breccia lies a huge mass or cake of erupted mica schist, at least 
100 yards long by 30 yards wide, as measured across the strike up the 
slope of the hill.. . . ... A little higher up, other smaller, but still large blocks 

of similar schist are involved in the basalt. As the huge cake of mica 

» “Java," i854tp. 103. 

* Lyell, Principles of Geol., Ed. io» vol. 11 , 1863, p. 233. 

* the hbtory of volcanic action during the tertiary period in the British 
Isles." Iraniactlops Roy. Soc., Edinburgh, vol. XXV, 1890, p. 82. 
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schist plunges into the hill| its whole dimensions cannot be seen, but 
there are visible at least 1 3,000 cubic yards, and which must weigh 
more than 30,000 tons.” 

Sir Archibald Geikie thinks there can be no doubt that these 
enormous fragments were torn off from the underlying crystalline schists 
and were floated upwards in an ascending flow of molten basalt. 

Site of volcanoes uncertain . — But now the question arises : Where 
are these volcanoes situated ? As they Mtere in action during eocene 
times we cannot of course expect to find well preserved cones any- 
where, but remnants of these must be present, and it should be 
possible at least approximately to fix the site of these old volcanoes. 

At present, however, no direct attempt can be made in this 
direction, as our knowledge of the structure of the Tibetan districts 
to the north, north-east and east of Johar is extremely limited. We 
know from Strachey's researches that great masses of greenstone” 
are found in Hund6s, to the west of the Manassarawar lake and 
to the east of Kiunglung on the Sutlej. These rocks are according to 
^Strachey older than the subrecent deposits of Hund6s ' and no doubt 
contemporaneous with the Indus valley volcanoes and with those of 
Johar and the Chirchun area. It appears that they represent lava 
flows, but no details are known. 

On the other hand 1 could see from the boundary range that the 
Johar volcanics extend several miles to the north, north-east and east 
into Hund6s, especially in the Kiogarh high plateau, the eastern 
limits of which are yet unknown. 

The country intervening is, according to Strachey, covered with 
mesozoic and subrecent deposits. 

In view of the huge size of some of the blocks ejected, the 
position of the Kiogarh high plateau in the centre of the Johar volcatt- 
ics and the great thickness of the latter, it might be supposed ^at 
the sources of discharge lie within this plateau. But there are other 
considerations to be borne in mind. The absence of dykes in the 
flysch in Johar points to the volcanic vents being at a greater distance, 

* cii^ p. 310. 
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and* the same must be concluded from the unusual facies of the lime* 
stone blocks ejected. 

From all we know, we cannot but infer that the {Himalayan, and 
not the Tibetan series, is tn sttu below the Kiogarh high plateau. 

Messrs. Griesbach and Diener were rf different opinion, but at 
thsrt time the Tibetan lias was not yet known. Dachsteinkalk and 
younger beds were found to be close to the Spiti shales^flysch belt of 
the same description as elsewhere.^ There was therefore no question 
of a change of facies in these beds, and as regards the peculiar charac- 
ters of the permo-carboniferous, lower muschelkalk and upper carnic 
horisons of the Tibetan series, even then observed, they were explained 
by the assumption of a change of facies taking place towards the north." 

By the discovery of the Tibetan lias, the aspect of the question has 
been considerably altered. 

The occurrence of the Himalayan triasso-jurassic, grey limestone 
series, close to the belt of sedimentary rocks, appears now in a 
perfectly different light. Far from being natural, as it had seemed to 
be, it is a most striking feature and difficult to explain. Instead of 
changing their facies, we now know that at least the younger beds 
remain unchanged up to the margin of the belt, and this being so, it 
is probable that the older horizons behave in the same way. 

Consequently we are not justified in assuming that the Tibetan 
facies should be sn sttu below the Kiogarh high plateau. 

Conflicting cvi^^nco.-^The evidence is therefore decidedly conflict* 
ing. On the one hand the es^istence of vast masses of detached blocks 
points to the vents occurring within or close to the Kiogarh high 
plateau, while on the other hand the facies of the ejected blocks almost 

* Kfs., in the anticline to the south-west of the Kiogarh plateau and in the 
Chanamlmiali peaks to the east of Chirchun E. G. The expedition of iSpa 
ascertained that in these peaks a regular series from the Spiti shales down to the 
dachsteinkalk is expose^ which differs in no way from what is seen In the 
UHasdayan series (Diener, ^Brgebnisse, ** p. 585}. 

" In a syncline at the head of the Dhauli river (Mem. XXllI, p. 971, fig. 23) 
the series from the carboniferous quartzite up to the Spiti shales is of the Hima* 
layan facies, ^his Ipcality is net mere than 7 or 6 miles distant from Peak 
Chirchun No. x. ^ 
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forces us to suspect the sources of discharge to lie much farther to the 
north. 

It would appear either that the facies changes very rapidly or that 
the erupted masses are spread over an enormous area. As both these 
eventualities seem equally improbable, we find ourselves face to face 
with an obstacle, at present unsurmountable. 

Events before and after the volcanic eruptions. in the 
foregoing discussed the volcanic outbursts, which gave rise to the exotic 
blocks, we must now consider the events that happened before and 
after the eruptions. 

In the first place the age of the uppermost flysch beds will have to 
be discussed, a question which has so far scarcely been touched upon. 
To arrive at a Conclusion we must start from the Indus valley tertia- 
ries. The nummulitic beds of this area are limestones, shales, sand- 
stones and conglomerates, with which the volcanic traps are in the 
main contemporaneous.^ The nummulitics appear to extend eastwards 
as far as the area north of the Niti pass, for Mr. Griesbach mentions 
contorted nuftimulites from a series of altered beds, which also is 
connected with igneous rocks * 

Flysch in its entirety of cretaceous age, — The features observed 
in Johar are however entirely different. We have seen that subaqueous 
tuffs appear in the topmost flysch series, but these are of small thicks 
ness and cannot be compared with the contemporaneous traps as re 
corded from the Indus valley. Limestones with Nummulites wen 
nowhere found. On the other hand we meet with subaerial volcanici 
which overlie the tuffs and are decidedly younger, including as they d( 
fragments of the latter. At the same time these volcanics are fre< 
from any conteitiporaneous sedimentary beds. Now we cannot bu 
assume that the lavas of Johar have been erupted during the sam 
period as the traps of the Indus valleyi vie., that they are of eocen 
age. The most likely conclusion therefore is that the flysch does nc 
reach into the lower tertiaries, but is in its entirety of cretaceous ag« 

* Lydokker. Memoirs, XXll, p. 111. 

* Memoirs, XXI 11 , p. 83. 
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Elevation of sea floor.^hs the subaqueous tuffs are a][»?tiptly 
overlaid by clearly subaerial volcanics, we must infer that, at least 
locally, an elevation of the sea floor has taken place, and this would 
point to the sedimentary beds having for some timt-'b^en subject to 
subaerial denudation. 

Subaetial denudation^ previous to volcanic outbursts^— Ks regards 
the latter, i must confess that no conclusive evidence is available, but 
the absence of the tuffs (4/ ) in the sections south of the Kiogarh high 
plateau is no doubt an argument of some weight. Mr. Griesbach^s 
map of the Chirchun area further shows in two places igneous rocks 
overlapping the flysch and the Spiti shales, a feature which would be 
perfectly congruous with denudation, preceding the outburst of the 
valcanoes. 

Later disturbances.’^Ks stated above the volcanic outbursts 
\Acre followed by disturbances These are the more intense the farther 
south-east we go, and this fact can be accounted for by a change in the 
strike.* 

To the north*west of Laptal, there is a broad, slightly disturbed 
belt of Spiti shales and flysch striking north-west to south-east. This 
belt becomes gradually much narrower and more complicated further 
south-east, the strike changing to north-south, and it ends within the 
corner described by the boundaries of Dharma, Johar and Hund^s.* 
Thus the Spiti shales dwindle down to narrow strips and the triasso- 
Jurassic anticline appears, while the structure of the flysch gets 
gradually complicated. At the same time there appears in Hundds 
the anticline of the Chanambaniali peaks, as a counterpart of the 
anticline of the Lahur. 

Effect on These disturbances have affected the volcanics 

too, but only in the south-east corner of the belt. In the neighbour- 
hood of the Balchdhura heights they were of too small an intensity to 
*have any perceptible effect on the volcanics, while the thick and rigid 
ntassesof the Kiogarh high plateau appear to have resisted a pressure 
that caused great complications in its more easily yielding flysch base. 

* Se^ also Qriesbach, Memdrs, XXllI, and Diener, Erg^nisse, p. 604. 

* See g«|»logic;al map in Griebbach. Memoirs, XXI 11. 
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To the south of the Kiogarh plateau, hov^ever, where the igneous 
rocks may originally have been less in force, they participate in the folds 
and faults like the sedimentary components of the country. This is 
vhy we find exotic blocks within the flysch, those either isolated from 
the igneous rocks like E. B. 9, or connected with remnants of them like 
E. B. 19.^ This must be borne well in mind| if we want to understand 
the Chirchun area, which is also situated within the narrow^ compli- 
cated southern termination of the Spiti shales^-* flysch belt.* 

Comparison of Chirchun area with yohar , — This area will^now 
have to be compared with that of Johar, in order to ascertain whether 
the explanation given for the origin of the exotic masses is in accord- 
ance with what is recorded from the Chirchun area 

The description given by Diener is in extract as follows 

The limestone blocks of the Chirchun area are of much smaller size 
than those of Malla Johar. They exhibit in their strike an almost 
semi-circular arrangement, forming at the same time three distinct rows 
or zones. 

1. The most northern of these rows has been but superficially 
reconnoitred by Mr. Middlemiss. It is made up of three blocks,* viz , 
Chaldu No. 1 and two lower cliffs lying on the eastern scarp of that 
peak. The latter is an isolated mass of a white, semi-crystalline lime- 
stone with a north-east strike. Lithologically it is exactly similar to 
the permo-carboniferous limestone of Peak Chirchun No i. Apparently 
it rests on Gieumal sandstone and on the igneous rocks,* associated with 

> Also E. Bs. 4, 5, 6 and 7 might here be mentioned. They have no doubt 
been involved in the flysch by similar disturbances as block 0« 

* Griesbach, Records 1. c., mentions ** numerous tight folds and narxow 
anticlinal s/' the dip changing constantly and rapidly.” 

* Memoirs, XXVllI, Part i, pp. <5 to ix. The geological mapping of the 
Chirchun area was compiled from Olener's and Grmbach^s maps. The whole 
of the flysch is marked with light green, the colour which in Johar rc^r^ 
sents upper flysch only. A compilation from both maps was unavoidable. 
Mr. Griesbach’s map has the great advantage of showing the igneous rocks, 
whidi were left cut entirely by Prof. Diener. On the other hand Diener mapped 
certain blocks which were not indicated by Griesbach. 

^ Mr. Griesbach’s map shows one block only. 

* Not shown qn map. 
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the» latter. The occurrence is marked on Diener's and Griesbach's 
m^ps as permo-carboniferous.^ 

2. A central row of much greater extent and cont;^ining by far 
the largest number of isolated blocks, stretching from Peak Kungri- 
bingri, 19,170', towards the watershed of the Chaiau and Chirchun 
rivers. 

This row is formed by : — 

(a) A block south of the Kiogarh-Chirchun pass. It was not 
examined in detail, but appeared to consist of a bright 
coloured limestone.® 

{b) Top of Kungribingri, 19,170', a small block of white 
limestone resting on greenish Gieumal sandstone, with, 
out fossils.® 

(f) A block in the immediate vicinity of Chirchun E. G., in the 
ravine descending from the Kiogarh-Chirchun pass 
towards the Chirchun river. This block is almost 
entirely imbedded in Spiti shales.* 

(d) A block near the low pass west of Peak Chirchun No. i. 

It yielded a few sections of Bryozoa and corals.^ 

(^) At the same locality also a few blocks with Monophyllites 
and Xenaspis (?) (lower muschelkalk) were observed 
Blocks {d and e) rest on Spiti shales. 

^ Fossils being wanting, tke age of these limestonei is uncertain. 1 conse- 
quently marked them as blocks of uncertain age, and the same course was followed 
in most of the Chirchun blocks, whose age is not established. 

' According to Diener it is entirely imbedded in ^piti shales, while 
Mr. Griesbach sllows •'rhaetic” (middle Jurassic) (?) limestones bordering on it. 
Griesbach, 1. c , p. 22 , remarks there are several blocks in the ravine west of 
Chirchun E. G. I also noticed them from E. B. ao (see map). 

' Copied from Diener, who ascended the Peak. 

* According to Griesbach’s map rhsetic middle Jurassic (?) limestones border 
on it from south-east. Diener marks another small block near block (c) which 
does not appear on Griesbach’s map. The latter shows instead a patch of igneous 
rocks overlapping the Spit! shales and fl^sch. Copied from Mr. Griesbach's 
map. 

* Copied from Diener. Griesbach’s map shows this block further south- 
west than Diener’s. 

* Copied frqpn Diener, not marked by Griesbach. 
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(/) Block composing Peak Chirchun No. i ' rich in per^o- 
carboniferous fossils. According to Diener it is difficult 
to say whether the block actually comes into contact with 
the Spiti shales or with the intrusive rocks and their 
tufa "only, the two being mixed up together. The in- 
trusive character of the igpieous rocks is said to be 
proved by the existence of a vein, running up the side of 
the block. The crown of the latter is composed of 
igneous rocks. The latter “ penetrate in succession the 
Spiti shales and the block in question.” According to 
Diener, no distinct stratification is seen, whereas 
Griesbach recognised (Records 1 . c., p. 23) an almost 
horizontal stratification. 

(^) A block immediately to the east of Chirchun No. 1, about 
130 feet high, of conical shape, resembling lithologically 
the dachsteinkalk.* This block is surrounded to the 
north-west and south by ” intrusive rocks ”, The eastern 
slope was not visited. 

(A) A long ridge,* forming a continuation of Chirchun No. i, 
towards north-east and north , is capped by masses of 
limestone similar in appearance to the block of Chirchun 
No. I. The strike gradually passes from north-east to 
north. These limestone masses, mapped by Diener as one 
lenticular block (per mo- carboniferous), were not examined 
in detail. 

This central row describes a flat semicircle with its convexity 
towards south-east. ? 

3. The southern row, considerably shorter than the central one, is 
made up of three small blocks to the west and north of Lochambel-ki- 

^ Copied from Mr. Griesbach ’s map. 

* Copied from Prof. Diener, Griesbach shows this block one mile north-north- 
east of Chirchun No. i. This block and a block two miles north of Lochambel-ki- 
chak E. G., also dachsteinkalk were coloured with the same tint as 'the grey 
dolomitic limestone blocks of Johar. Whether the rock is the same or not 1 am 
of course unable to decide. 

* Copied from Griesbach. 
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chak E. G. and by an outcrop of dachsteinkalk in the Spiti shales two 
miles north of this E. G. The latter outcrop may be an inl/cr of the 
upper triassic limestone of Peak Chaldu No. a. 

One of the three small blocks is of permo-carbon if erous age (not 
mapped) the other two ^ are lower muschelkalk with Monophyllttes^ 
XenaspiSf etc., developed in a Hallstatt facias. 

Diener’s description no doubt disagrees in most important respects 
with the theory I have advanced above. He speaks here again of in- 
trusive rocks and recognises a semi-circular arrangement of the exotic 
blocks, to which he attributes great structural importance. 

Great weight is attached both by Mr. Griesbach and Dr. Diener to a 
dyke seen in the block that makes up Chirchun No. i, and this is taken 
as a proof of the intrusive character of the igneous rocks, which are 
asserted to traverse in succession both the Spiti shales and the 
block. 

I have no doubt this dyke answers to the veins so often seen in the 
exotic blocks of Johar, and altogether the feature appears to be 
exactly the same as elsewhere, a limestone block with intrusive veins 
resting on volcanics by which its top is also covered. That the 
igneous rocks should pierce through the Spiti shales is not compatible 
with the results of my own observations, all accounts pointing to the 
conclusion that the sources of discharge of these rocks lie elsewhere. 
If there were a dyke in the Spiti shales, one should expect it to be very 
clearly seen as the igneous rocks are harder than the shales. Nothing 
of the sort has been recorded. 

Diener deems the semi-circular arrangement of the exotic blocks 
to be of vital importance, on the grounds that the rows run diagonally 
to the direction of the Himalayan folds outside the Chirchun area. 

The northern and southern rows are too indistinct to deserve much 
attention, but the ** central row ’’ can to a certain extent be recog- 
nised in Diener’s and Griesbach’s maps, although the two maps differ 
in detail. It is on these maps pretty well pronounced from Chirchun 
No. X north and north-eastwards, but to the south-west of that peak it 

> Copied from Diener, not shown by Griesbach. 
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is no longer clearly seen. Indeed it appears somewhat far fetched to 
say diat the few scattered blocks to the south-west of Chirchun No. i 
form a continuation of the latter. 

The northern continuation of the ridge to which Chirchun No. i 
belongs was admittedly seen from a distance only. 1 also saw it from 
afar (pi. ii) ; my impression of the structure of this range differs how- 
ever widely from that of Diener. At any rate it is not made up of a 
singlei lenticular limestone mass, but represents a hilly country, which 
from its predominantly dark colour appears to be chiefly igneous. 
This is studded over, not only on the top of the range but also on its 
slopes w’ith numerous light coloured limestone blocks.^ That this 
range has, as a whole, a slightly semi-circular bend is in my opinion the 
consequence of erosion, as the same curve is followed by the Chalda 
river that washes its western slope. 

In view ol the foregoing the arrangement of the blocks in rows can 
hardly be said to be an established fact. The only district where such 
rows might be suspected from the maps in hand has never even been 
visited by a geologist, much less closely examined, and what can be 
seen from a distance tells, in my opinion, more against than in favour 
of the theory. 

There still remain a few points which I should like to shortly 
discuss in connection with Diener's description. Of the exotic blocks 
observed by the expedition of 1892 some rest on Gieumal sandstone, 
others on Spiti shales and are either connected with igneous rocks 
or perfectly free from them. I may be allowed to point out bow 
these features might have been brought about. 

In cases where igneous rocks are preserved, we are not absolutely 
obliged to think of disturbances. Denudation of the country, previous 
to the terrestrial eruptions, might account for these instances. Such 
an explanation might, for example, be correct in the case of Peak 
Chirchun No. i, which then would represent a patch of lara with a 
large exotic block involved in it, the whole resting on Spiti shales. 
The fact that these are much crushed and contorted below the peak 
^ Indicated on pi. 11 by tmall crones. 


( 56 ) 



RESULTS. 

(Griesbach, 1 . c., p. 23) offers no objection to this hypothesisj $8 it 
may well have been brought about subsequently. 

In cases where no lavas are recorded, they muS^ either have 
been decomposed beyond recognition, the origin of ihe blocks being 
then possibly as pointed out above, or else such fclocl^^s have been 
isolated completely from the igneous rorks b> disturbances, in a 
sinular way as the large block No. 9 near Kiogarh Chirchun E G. 

Thus I do not think that any of the facts recorded from the 
Chirchun area can be said to be in discord with the explanation i have 
given for the origin of the exotic blocks. 

I therefore come to the conclusion that the exotic blocks of Johar 
and Chirchun have nothing whatever to do with the Klippen '' of 
Europe. Beyond a certain similarity in appearance no affinity can 
be discovered between them. While none of the European occur- 
rences is connected with igneous rocks, their origin being according 
to all accounts due to structural causes, the exotic blocks of Tibet and 
the adjoining frontier districts are intimately connected with volcanics 
and owe their existence to volcanic action. 

1 am however well aware that no completely satisfactory solution 
of this problem has yet been obtained. Not only are the sources of 
discharge of the volcanics unknowm, but also the facies of the exotic 
limestone blocks is still a mystery, which is far from being satis- 
factorily cleared up, and there are several other questions of no small 
importance which require further research in the field. It is earnestly 
to be hoped that it will some time be possible to survey in detail those 
uninhabited districts, which lie beyond the Indian frontier, for then 
Only can we expect to completely unravel a problem, which is no 
doubt among the most attractive in Indian Geology. 
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5 Basic Igneous rocks, chiefly andesite. 

4/- Green and red tuffs. 

4^. Greenish sandstones 
4 * flysch. 4^/. Black, siliceous shales. 

? Upper creta- ' 4e, Brown sandstones. 

ceous. 4^. Black, crumbling shales. 

4a, Red and greenish shales and red 
earthy limestones. 

3. Lower flysch ('* Gieumal sandstone,” Stol.) ? Lower creta- 
ceous. 

2. Spiti shales (upper Jurassic). 

I. Grey limestone mass, ranging from upper trias (dachstein- 
kalk) into middle Jurassic. 

L. Red lower liassic limestones (pi. 9). 

D. Grey dolomitic limestones, probably chiefly dachsteinkalk. 

P. Red and white permo-carboniferous limestones. 
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Fig. I. Folded and undisturbed tuffs (4/*) in boundary range south 
of Balchdhura pass, p. 152. 

11 2. Blocks of Gieumal sandstone in basic igneous rocks near 
Peak Balchdhura, 18, 110', p. 154. 

,, 3. Kiogarh No. 3 from south-east, p. i6o» 

4. Exotic block 20 (lower trias) from north, p. 167. 
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THE GEOLOGICAL SURVEY OF INDIA. 

Report on the Janhviu Coal-fields. By R. R. 
Simpson, B.Sc., Mining Specialist, Geological Survey 
of India. 

I. 

INTRODUCTION. 

The most important of the coal consumers of North-West India 
is the North-Western Railway Company. During 
sumcrs***^!n*^*^NoSr-w 2 st the year 1901 this Company used, for locomotive 
and other purposes, a gross total of 1 79, 1 74 tons of 
coal. Of this amount 31*4 per cent, was obtained from the Company's 
own collieries at Dandot (Punjib), and Khost (Baluchist&n), the former 
producing 24 per cent, and the latter 7*4 per cent. The major portion 
of their coat supply — 68*6 per cent. — was, however, obtained from the 
coal-fields of Bengal. Over considerable sections of the Company's 
lines the use of wood fuel obtains. This source of supply is, however, 
year by year being curtailed, owing to the increasing cost of wood due 
to the depletion of the forests adjoining the railway line. Asa con- 
sequence the use of coal tends to increase. 

The following table shows the relative fuel equivalents ofj'the 

_ , . , vaftdous descriptions of locomotive fuel used on 

Fuel equivalents ^ 

the North Western Railway. The figures arrived 
at were determined by the Company’s own experiments in the year 
1894;— 


Coefficient. Equivalent. 


1 ton Giridih (Knrhurbaree) = 

1 S 5 

o'8o 

English patent fM. 

best steam coal. 

i n = 

1*10 

0*90 

English coal. 

* 

0*90 

1*10 

Bengal tBardkar) 


•tssm coal. 

( < ) 
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Coefficient. Equivalent* 


1 ton Giridih (Kurhurbaree) = 

078 

raS 

Khost coal and patent 

best steim coal. 



fuel, including 

Shahrig coal. 

»» — 

0*64 

1-56 

Dandot, including 

Bhdganwala coal. 

»» • = 

0*45 

s' 20 

Wood fuel. 


The average cost of Bengal coal delivered at Ghaziabad, the nearest 

Importance oC the ex- ^^pproach of the North- Western Railway Com- 
*^**^^” pany*s lines to Bengal, was, inigoz^ Rs. 14-2-0. 
Of this sum Rs it-ioiO, or 82 per cent., repre- 
sents freight charges. From the above figures it can be understood of 
how much importance it is to the industrial development of North- 
Western India that the local coal-fields should be exploited, and new 
sources of cheap fuel obtained. It is, therefore, not surprising that from 
time to time various attempts have been made to open up the well-known 
coald-eposits of tertiary age in the north-west Unfortunately, owing to 
the poor quality of the coal, and its irregular occurrence, only two (at 
Dandot and Khost) of these adventures have proved to be commercially 
successful For some years past the attention of the Jammu and Kashmir 
Durbar has been directed to the possibility of mining coal profitably 
from the long-known coal-bearing beds in the Jammu hills. 

The question has recently been forced into prominence by a revival 
of the old project for the building of a railwa;^ to 

Railway and its relation connect the Cities of Jammu and Srinagar ; the 
to the coal question. idea being that the alignment of the projpp^ed 

railway might be arranged to tap the coal-bearing area, and open up a 
cheap source of fuel for use on the railway. The interdependence of 
the railway and the coal schemes has, however, been somewhat dis- 
counted by Mr. Weightman in his report on the Kasjimir Rajlvfay, 
where he has shown that the use of Jammu coal at an estimated coot 
.only Rs. 9 per ton, as against Bengal coal at Rs. 22 per ton, would effect 
a saving representing rather less than one half of one per cent, ioteiest 
on the capital estimated to be required for the railway. It, therefore, 
appears that the question of woiicing the coal must be considered 
|»racticaUjr on its own merits. 
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II. 

POSITIpN OF THB CQAL-FIELp^i, 

The coal areas to be described ~ known as the Ladda, Sangar 

Position Mehowgala, Sir6 \ alley, Kilak6t| and 

Lodhra coal-fields —lie between latitudes 33* and 
33® i3'i and longitudes 74° 25' and 75® 13'. They are situated in the 
State of Jammu, a portion of the teiritory of His Highness the Maha* 
rajah of Jammu and Kashmir, and within 35 miles of the boundary 
between ^hat State and the Punjab 

The general trend of the coal outcrops is from north-ucst to south* 
east and the south-eastern end of thd I adda coal-field lies some ai miles 
north-north-east of Jammu, the capital city of the State, and tl{r 
nearest approach of the North-U estern Railway. The Sangar 
field is geologically co-extensi\c with the Ladda field, but the sresf 
are separated by the Chen^b River and have bee n deal) with sepaiately 
in this report. The Mehowgala, Sird valley, and Kilakot fields are 
detached areas lying from 5 to 13 miles to the west of Sangar Mjlfg. 
The Lodhra field is situated about 10 miles north-east of the Ladda 


T}ie general character of the country is mountainous (see Plates V 
. to IX], varying from three to nine thousand 

Physical features. height above sea-1e\ el. I he strike of the 

c^-bearin^ rocks does not conform to any of the main natural features 
of the country, but cuts obliquely across the hdi ranges, which have a 
geperal east and west trend. A\ the same time, owing to the felap 
tWply ^ft character of the coal-bearing band compared with the sub* 
and sp|>er-jaceDt roejes^ \he coal outcrops are, as a rulei found ^ or 
near the stream beds. 

The country is lairly well wooded, the most abuqdant |rM a 
conifer, locally known as Mr, from whicb escellent timber for miidog 
purppees can lie obtained. Of othpr conifers, atckil and 
ifynd on the higher ground ; whilst of the harder woods, 01^ ^ 

i|pd ocgasioiiall^ holly occur. 

‘ ' ( 3 ) 
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The only made road in the Jammu State runs between Jammu and 
Udhampur, a distance of about A4 miles, and this road passes within 
aeven miles of the prospecting drives in Jungle gully. 


IIL 

PREVIOUS OBSERVERS. 

The area has been described generally by Mr. H. B. Medlicott in 
his “ Note upon the Sub- Himalayan series in the Jammu hills '' 
{Records f G, S, /., vol. IX, pt. 2). The Sangar Marg, Mehowgala, 
and Sir6 valley coal-fields have been described in detail by Mr. I . D. 
La Touche {Records^ G. S. /., vol XXI, pt. 2), 

The possible economic value of the Ladda coal-field first attracted 
attention in October 1901, when Mr. J. Godwin, an officer in the 
Public Works Department of the Jammu and Kashmir States, com- 
menced prospecting operations in the Ladda coal-field, which have been 
carried on under his supervision up to the present time. 

In January 1902, Mr. A. Mort, Manager of Khost Colliery, 
Baluchistan, visited and reported on the Jungle gully portion of the 
coal-field His opinion was unfavourable. 

In February of the same year, Mr. Osterloh, one of the Boer prison- 
eis, took over the direction of the prospecting operations, and, during 
his stay of some seven months, considerably extended the area of the 
explorations. Although he has left no regular report, I gather from 
various sources of information that he was strongly impressed with the 
value of the Ladda coal-field. 

Mr. Mort paid a second visit to the coal-field in June 1902, and a 
perusal of his report shows that his views were then considerably 
modified in favour of the existence and workability of the coal-seam 
over a considerable area. 

In October of the same year, Mr, T. D. La Touche, Superinten- 
dent, Geological Survey of India, visited the locality and spent a few 
days in the Jungle gully area. In his report he expressed the opinion 
that the existence of a coal-seam with an average thickness of five 
feet had been proved over a horizontal di^nce of twp miles, throu^ 

{ 4 ) 
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a vertical height of 1,700 feet He drew attention to the possibility of 
the coal-bearing rocks being found at a reasonable depth and a more 
moderate inclination beneath the newer rocks to the 80uth«west ol 
the Jungle gully area, and he suggested that this might be tested by 
boring. 

In December last, Mr. E. L. Hope, Manaifu' of IV^dot Colliery, 
spent three or four days i« an examination of the coal outcrops and 
prospects between Jungle gully and the Anji \ alley, a di**vancc of about 
nine miles. In an interesting and extremely practical report he ex- 
pressed the opinion that a workable coahseam extends o\cr nearly the 
whole of this distance. 


IV. 

THE PRESENT ENQUIRY. 

I arrived in Jammu on the 10th of March, 1903, and commenced an 
enquiry into the question of the economic value of the Ladda and 
Lodhra coal-fields— an enquiry which was completed early in the 
month of May. 

On the 28th of March, 1 was joined by Mr. E. L. Hope, Manager b( 
the North-Western Railway Company’s collieries 
at Dandot. On the 6th of April Mr. R. D. Oldham# 
and the Writer. Superintendent, Geological Survey of India, took 

over charge of the enquiry and remained on the ground until the 
i5tb of that month. Mr. Hope left the coal-field a few days later* 
During the period of this association the coal question was thoroughly 
discussed, and 1 had the advantage of profiting by the intimate know* 
ledge of Himalayan geology possessed by Mr. Oldham, and the prac* 
tical experience of the working of thin and highly inclined coal-seams 
in India which Mr. Hope has acquired. Mr Hope had prevtouply 
reported on a portion of the Ladda coal-field, and his supplemeotkry 
report re-affirming hb earlier views is attached as an appendix to tbia 
communication. On November 5th, I returned to Jammu and examined 
|he*ooal.field8 west of the Cbcndb. I also paid a brief vlsil to the 
Ladda coal-field, and finally completed the enquiry early tn January 1904* 

( h ) 
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I take this Opportunity to express hiy obligation to His Highness 
Sir Amar Singfa) K C.S.I., Vice>Presidebt of the 
Jammu and KashiAir State Ccufacil, and to 
Mr. Colvin, !.C:S., the Resident iti Kaldimir, for 
kindly assistance to me during my tours. Messrs. Godwin and Stewart, 
who siiper intended the prospecting opeiations, worked eittremely i^ell, 
and 1 have pleasure in thanking them for their good work. 

The largest scale topog^raphicdl map of the district available is 

T , the Atlas sheet, on a scale of 4 miles to i inch. 

Topographical map 

Through the courtesy of tl e Kashmit Durbar 
authorities, I was enabled to secure an enl^gement of this map on a 
scale of 2 miles to i inch, and the large map (PUte I) attached to this 
report is on that scale. It may be remarked of the ori^nal map 
(No. 29, Atlas sheet) that, whilst the position of the main ranges of hillsi 
rivers, and streams appears to be accurate, the positions of many of 
the villages are not correctly marked. As far as these mistakes affect’ 
the position ol the coal outcrops I have endeavoured to correct them, 
but such alterations cannot be considered to be more than approxim- 
ately correct 


V. 

GEOLOGY OF THE LADDA COAL-FIELD. 

The geology of the coal area is, in a general w'ay, fairly simple. 

« , The rock groups represented are grey sandstones 

Age of formations. , . , • * 

and red clays of Murree age) apparently of 

great threkness, lying conformably on a thin bat remarkably well- 

defined band of ** coal measures (Sub^thu beds) made up of soft 

shales) hiterbedded with thin bands of earthy limestone of varying 

thickness, containing towards the base a seam of coal. The limestone 

bands occasionally contain nummulites. The shAles are frequently 

carbonaceous in the neighbourhood of the coal seam, and towards the 

base of the group become strongly ferruginous, the bottom bed being 

a thin bnt remarkably persistent pisoHtic ironstbne band. 

This gronp is the representative hi this area of the SbbMni beds. 

( « ) 
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It has been deposited more or less oncopformahly on an ancient laM^ 
surface of unfos^liferou*^ limestone which fias been considered to be of 
lower Mesozoic age. The base of this limestone group— the greui 
limestone oi Mr Meducott* — is nowhere seen Tt is apparently of 
great thickness, but, in tht opinion of Mr. Oldham, reduplication 
along thrust planes has taken place Bands of shales usually stlice* 
ous, and often flaggv, occur interbedded in Ine limes<()ic. Veins of 
galena are fouifd in it, and, in former times, wer* mined to some 
considerable extent 

Ihe whole of these rocks have been subjected to earth movements 
of considerable magnitude, acting apparently 

Foldioa 

chiefl) from the north-east The result has been 
that the beds have been ridged up into a senes of antic linal folds 
having their principal axes in a north-wcsl and south-east line. These 
general features of di^^turbance arc accompanied by both normal and 
reversed faulting. Local contortion is abundantly displaced , whilst 
in the soft Subathu shales the squeezing out of beds is bv no means 
uncommon. It is ONMiig to the denudation of the crowns of the anti* 
dines that the pre-tertir^ry limestone and Subithii beds are displayed 
at the surface. On account of tl e high dip of the beds fl*® 

coal-bearing rocks occur as a narrow band from three to six hundred 
feet in width, fringing the underlying limestone, and separating it from 
the overlying sandstones and clays. The relative ease with which 
these rocks have been denuded sharply distinguishes them from die 
adjacent groups, the drainage channels almost invariably folio tbefar 
outcrop. For the same reason their cxaminat on is rendered diflkiilt 
by the frequency of landslips from the harder rocks. Similarly, the 
bold and rugged outline of the limestone slopes is seen to be in shefp 
contrast to the smoother and more rounded features of the sandstdhes 
and clays. 

Although the coal measures are undoubtedly cootinliouii bi^eeii 
the outcrops in the different coal-fields, yet they are separated at the 
surface by a broad band of younger rocks, and it will be conveuiOift for 
Ihe purposes of this report to describe the areas separately. 

• Record^ G. S. U IX, a 

( 7 ) 
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The general section of th^e rocks, as seen between the village of 
G«.er.li.«d wetian. 


Fonnation. 
^^Murree group. 


Description. 


Thickness in feet 


II 


Grey sandstones and red clays. 


Unknown. 

.Olive shales >with thick bands of nummulitic 


limestone • • • • . 

• 

50—100 

Olive shales with thin bands of nummulitic 


limestone 

• 

50 — ICO 

Olive-brown shales .... 

a 

75—100 

Nummuliiic limestone with thin bands 

of 


olive shales • . • • . 

• 

25-50 

Olive shales, ferruginous • . • 

• 

0 -lOU 

Coal-seam« average thickness 2'f' 

• 

0^25 

Ironstone shales# often carbonaceous • 

0 

7~32 

Ironstone • • . . . 


6—30 

Ironstone shales .... 


10—30 

Ironstone, pisolitic at the base • 


6-30 

Shales, yellow, olive, and dull crimson with 


ferruginous bands • . • • 

. 

0 —300 

Siliceous grit 

• 

0—100 

Great limestone, dense, splintery, blue-grey 


in colour 

• 

Unknown. 


As described above, the principal geological feature of this area is 
that of a normal anticlinal flexure, broken and faulted on its steep 
southern scarp. From the accompanying map (Plate I) the outcrops 
can be seen to show a longitudinal waving, and to curve round the 
point of the anticline as its axis becomes depressed towards the south- 
east. To the south of the main anticlinal fault newer tertiary rocks 
cover the ground as far as Jammu City. They are much broken and 
faulted, and near the main fault itself inversion has taken place. For 
reasons which will be given later, it does not appear to be probable 
thatrworkable coal will be found at a reasonable depth beneath the 
surface in this latter area. Section No. 1, Plate IV, taken across the 
anticline between Sandrdni and Santr&ni Kund (the line A. B. on the 
map, Plate I), will enable the geolc^cal features pf the neighbourhood 
to be clearly understood. ^ 

■( 8 ) 
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Details of the CoaI*bearing Formation. 

Commencing from the south-eastern point of the anticline a recogni- 

Doo<l« ravine. (33*0*— 75*5’) 

in the gorge of the Doodar river, about 400 
yards above Doomwa, where the mam streax. is joined by the smaller 
Jungle stream. The position of the coal-seam, as recogniied by Mr. 
La Touche in his recent report, is quite abnormal, Aocc it is overlaid 
as well as underlaid by the great limestone (see Plate IV, section a). 
The overlying limestone has apparently be n forced up from below by 
a reversed fault running along the strike ot the ironstone. The effect 
of this overthrust has been to cut out all but the lower members of the 
coal measures, and to crush and in places squeeze out even these. The 
ironstone and overlying shales can he seen in their true position at 
Doomwa, at the mouth of the gorge, but they are much contorted and 
broken up, and the coal-seam appears to be missing. 

At Lain, at a point about 40 feet above the bed of the river, a level 
has been driven along the coal horizon for a distance of 285 feet. The 
ground passed through consists cf lenticular patches of coal lying 
between the ironstone and the overlying limestone. The coal is 
accompanied by a stiff, grey clay, evidently the crushed representative 
of the upper shales. Frequently the limestone forms the roof of the 
coal seam, and for the major portion of its length the drive has been 
blasted out of that rock. Thirty-two feet from the inner end of the level 
the coal thickens out gradually into a somewhat regular seam which in 
the face exceeds 5 feet in thickness, the roof not being found. 

The section seen in the face is— 

Stiff, grey clay 

Coal 5'+^ 

On the opposite side of the nala the Mootal level has been driven 
along the coal, horizon in a south-westerly direction for a distance of 
S37 feet. I'his excavation had fallen in previous to my visit. It is 
Said to have commenced in inches of coal, which thickened to 10 

• ( 9 ) 
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feet at a distance of 51 feet, and decreased gradually to 2 feet at loi 
feet. Beyond this point the limestone came down on to the ironstone, 
squeezing out the coal. The drive was continued in broken ground 
made up of boulders of limestone and sandstone (?) until 18 inches of 
coal was again encountered at 230 feet. This coal thickened to 25 
inches at a distance of 237 feet, and the driving was then discontinued. 

Passing up the slope from the Lain drive a thick coal outcrop is 
found on the crest at Lain, 250 feet vertically above the bed of the 
Doodar nala 

1 he section here is : — 


Olive shales, broken . p 

Coal and coaly shale bands . . . . 20' 

Coal . ... . . 15' 

Grey shales . . , .10' 

Ironstone . . . . . p 


The dip at this point is 70° to S. 35° E. Some 70 feet further on, 
a trench, now fallen in, is said to have exposed, at a depth of 10 feet, 
from 10 to 15 feet of coal and shale, overlaid by 5 feet of shale, dipping 
75® in a direction 50® east of south. Six hundred feet beyond, another 
trench, now collapsed, has proved the coal. The section is : — 

Coal (at a depth of 20 feet), said to be , . .5' o'' 

Shales 65' o" 

IronStonb • p 

It may be noticed that the shales have thickened considerably, and 
that the dip has decreased to 58® in a direction S. 63® E, 

At the mouth of the gorge at Doomwa, (33V— 75®5'), where, as 
mentioned above, the coal measures are found in their true position, 
a pit was sunk on the coal horizon to a depth of 20 feet, and revealed 
only a few strings of coal in a mass of clay and broken limestone. 

Following up the Jungle stream the ironstone outcrop disappears 
. . under talus about 1 50 feet north-east of Doomwa. 

Jungle ravine. ' 

the stream bed being occupied by the blive 
shales and nummulitic limestone, which^ with their overlying sandstones 
and clays, are much contorted and broken up. Thb disturbance conti- 
nual for tatMt tnore than three-quarters of a mile. A short distance 
( *0 ) 
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below trial trench No. 1 , the ironstone -outcrops, after paaeing opeir the 
high ground between the Doodar river at Lain and the Jungle nala,: 
join the latter ravine and bend round to the north. At trial trench 
No. I, the ironstone can be seen to oe slightly folded on the strike, 
this disturbance apparently representing the dying-out of the Deodar 
river fault. At this point a trench, now fallen in, is said to have 
exposed four feet of coal at a depth of lo feet. 

Continuing up the stream, the strike of the beds pe^se^e^c• due 
north with small local bends, the dip being east at an angle of 45®. 
One thousand feet from trial trench No I, a similar excavation, No. II, 
now collapsed, is said to have proved, at a depth of 8 feet, a thickness 
of 4 feet 6 inches of coal. The section at this point is — 

Olive shales and nummulitic limestone . . 335' o* 

Coal , . . 4' 

Ironstone shales with bands — 10' thick of ironstone, 
coaly in places • . . . a8 o* 

Ironstone . . . . . 5' to 7 

Great Limestone. — 

Some 300 feet north the strike bends round to the north-west and 
continues on this line to the top of Gully pass (33®*' — 7 b^ 5 ')> Some 
400 feet beyond trial trench No. II, a long distance tunnel (jungle 
A drive) was driven. At the time of my last visit this tunnel had* 
advanced to a distance of 430 feet from its portal. After passfilg 
through a considerable thickness of detritus, coal was struck at 90 feet. 
Between 90 and 320 feet, coal and shaly coal, varying in thickeesi 
from o to 7 feet and averaging 1 foot 1 1 inches, was encountered. 
From 320 feet to 435 feet the coal, sometimes shaly in charpcteri 
Yaried from 4 inches to 4 feet 3 inches, and averaged 2 feet 3 inribei 
td thickness (see Plate XII, fig. I for graphical representation cl thick- 
ness of coal-seam). A sample taken at a point 30 feet from the yhee, 
Stheie Ac coal was 3 feet thick, gave only i r | per cent, of ssh. 

About 2,100 feet beyond trial trench No. II, a flattened ooaiMtCfbp^ 
#5 feet thidc, is found. An inclined shaft G^ngle Shaft) Was |int do>Wn 
bere^ but it had collapsed previous to my visit. 


( tl ) 
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The following section is to be seen : — 

Olive shales and nummulitic limestone . . « ? 

Grey-blue, shaly clay with limestone nodules . 6' 

Coal (said to thin out to 6 feet at a depth of 40 feet) > 1 5^ 

Ironstone and ironstone shales, carbonaceous in places . 10' to 15' 

• Great Limestone. 

The dip is to the north-east at an angle of 30® but it is said to have 
increased to 45^ in the shaft. 

Three hundred and fifty feet beyond Jungle shaft the dip is 50® in a 
direction N. 50® E. ; the section is as follows • 


Olive shales with bands of nummulitic limestone . 68'+ 

Coal • • ill defined 

Shales with ironstone ao' 

Ironstone . • 12' 

Ironstone shales with carbonaceous bands . . *50' (F) 

Ironstone thin. 

Great Limestone. 


A level (Jungle drive) was driven in at this point. Owing to the 
position of the coal in the stream bed, the excavation was commenced 
in the upper shales and curved gently round until the coal seam was 
struck at 62 feet. The coal was 3 feet 6 inches thick and thickened to 13 
feet at 100 feet, gradually thinning to 8 feet at 1 18 feet In the last 30 
feet of this length the strike bends round sharply to the north. As it 
was considered that the original strike would continue further ahead, and 
it being desirable to preserve the original direction of the tunnel, the 
workmen were brought back to the point where the strike changes, and 
continued to drive on straight ahead, in soft ironstone and clay, in 
the expectation of cutting off the corner. Coal about one foot thick was 
struck in the floor at 1 50 feet. A small quantity of inflammable gas 
(probably light carburetted hydrogen) was given off here. This gas, 
collecting m a cavity in the roof, ignited and caused a slight explosion, 
which singed the mine superintendent whilst he was making his 
examination. Since that time (November, 1902) the driving of this level 
has been discontinued. At the time of my visit I made a careful exa- 
mination ivith a safety lamp, but was unable to find a trace of gas« 
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About lOO feet beyond Jungle drive, a parallel tunnel for ^ventiUt*^ 
ing purposes has been driven in for a distance of 50 feet ; and at that ^ 
point encountered a strike fault The throw of this fault has not been 
proved. 

On my first examination of this locality, although I noticed that 
the rocks were much disturbed, 1 did not full^ appreciate the actual 
geological conditions. On paying a second visit in company with Mr, 
Oldham, he pointed out that a considerable landslip hatt taken place 
at this point. This slip is fully 1,000 feet in length and has moved down 
on the face of the lower ironstone bed. Both Jungle drives and the 
shaft have been excavated in its crushed and broken fragments. For 
this reason the prosecution of these excavations has been discontinued. 

Some 700 feet beyond jungle drive the coal is again seen. Owing 
to the broken nature of the ground, it was not considered prudent to 
drive on the seam, and consequently a drive (No. A) was commenced 
in the lower shales, striking the coal at a distance of 105 feet from 
the commencement. The coal was found to be very loose and crumb- 
ling and its thickness was not ascertained. The excavation has since 
collapsed. The surface dip here is 40® in a direction N 40® E. This 
dip is preserved as far as and beyond trench B ( 1 , 1 00 feet from drive A) 
where, in an excavation, 8 feet deep (now collapsed), the coal seam is 
said to have measured 3 feet 6 inches in thickness. 

About 450 feet further on, in an excavation (drive C), also fallen 
in, the same thickness of coal is said to have been proved. Drive D 
is 1,300 feet beyond drive C, and was commenced in the upper shales* 
Coal, 2 feet thick, was struck at a distance of 26 feet At 41 feet, 
ironstone came in The drive was continued for 70 feet further 
without striking coal This excavation is now closed. 

At a point 100 feet south-east of D drive, a pit (No. I) was sunk 
on to the ironstone, at a depth of 26 feet. ^ Rounded sandstone boiilflers 
Ijring on the ironstone, and the absence of coal, show that the pi^ has 
been sunk in talus. Two hundred feet beyond drive D, No. II pit was 
sdnk, to a depth of 25 feet, with a similar result. 

The most important prospeert of all that ha^ been made is drive E| 
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Ousted f,ioo feet short of the crest of Gully pass. This tunnel was 
commenced in the upper shales, and struck coal at a distance^of 70 feet. 
Between this point and the face of the drive, at 550 feet, the thickness 
of coal varied from o to 8^ feet and averaged 3 feet (see Plate XII, fig. 
a for graphical representation of thickness of coal seam). The assay 
of samples from this drive yielded ash varying from 22 to 42 per cent. 

Two inplined shafts have been driven down in the coal seam, ffpm 
the putcrop, and connected \sith £ drive. In the first of them the coal 
WSS, at the outcrop, 6 feet thick, but between points 30 and 79 fppt 
respectively from the start the seam thinned to 2 feet 6 inches in wid^h, 
and then thickened to 8 feet. Between 70 and 85 feet (where driye E 
was holed into) the latter thickness continued. In the otl^r shaft 
(Gully shaft), coal 0feet thick was found for the first 40 feet^ diving. 
Beyond (his, and until the shaft joined E drive at a total distance 
from the outcrop of 97 feet, carbonaceous shalps were encountered. 
The shaft was continued, on the full dip of the seam, fo|: 45 fpet 
bejow E drive. Throughout this distance an average thickness of 
coal of 6 feet was maintained. From time to time during the driving 
pf the E tunnel and its shafts, small quantities of inflammable gas have 
bpen with, and it was found necessary to introduce safety 
lamps Into the workings. 

At a point 37 feet beyond Gully shaft, a tunnel (drive F) was com- 
meuped in a coal outcrop 20 feet thick. This thickness became rapidly 
reduced, until at a distance pf 35 feej the coal fan out.. The barren 
gFPUnd CPotinued to a distance qf 146 feet. Between the latter point 
and thf face of the tunnel at 302 feet the coal varipd in thichness frqm 
9 t 9 feet and averaged only 9 inchep (see PTate XII, fig. 3 fpr 
graphical represq^tilliQn pf thfeknessof cos^l seam). 

From drive F the coal putcrop can be traced for some distance 
up Ihe nala, and it increases in thickness to 20 feet at a distance pf 
ifin ffct from the drive. Just before GuUy pass is reached tl|e 
iroustQne bed can be seen tp he much broken up by a series * of small 
parallel fkiilts, which cut diagonally across the strike and dtp. 1 hni did* 
lagbance continves in a -modified form right oyer the ciest pf the pass. 
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At a point loo feet beyond Gully pass, a drive (Gully euiting) wai 
•nd^JkSiduriy* made, and is said to have exposed from a to 

2^ feet of coal overlaid by 5I feet of soft coaly 
shale. Thisbdrive has collapsed 

Gully pass is approximately 5,500 feet above sea level. From it 
the ground descends for 550 feet to Kar&ta Id ill (33^1 -75^5')i m the 
bottom of the Doodar nala, and then rises steadily tor about three 
mHes to Sukhdl gully at a height of 7,400 feet. 

Nearly 1,000 feet be>ond Gully pass, a tunnel (drive G) was 
commenced in the lower shales, passed through the lower ironstone, and 
is said to have found indications of coal, but shortly after c ollapsed. 

Just before Karita Mill is reached coal is exposed at the surface 
for some considerable distance. The general dip is’* 60^ to north-east. 
The section at this point is ; — 

Olive shales and nummulitic limestone 7 


Coal . 6 ' 10* 

Ironstone shales . * 7 ' 

Ironstone . . .10' 

Ironstone shales . . ...» 30 

Ironstone ... ... 10 


Great Limestone. 

A cutting (Kardta No. i), now fallen in, is said to have proved the 
coal to be 6 feet thick at a depth of 10 feet. Three hundred feet 
further on, the Kariita No. 2 cutting proved the ground to a depth 
of 20 feet, and is said to have found the coal scam to exceed 16 feet in 
thickness. At Karita Mill a drive, 30 feet in length, is said to have 
proved coal 5 feet 6 inches in thickness. 

From Karita Mill the strike of the beds bends round to a coufie 
73® west of north ; the dip being north-north-cast at an angle of 45** 
Passing up the nala towards Sukbil gwUy the coal outcrop is to 
be covered up by landslips* Fragments of broken iroiistooe eiw to he 
seen Mto end there. Np prospeptiMg wo^h has been d^uc ip tWe IlihL 

rocks h>r 

Itou tobecptoortod.tlmffrikevsryingfrom2a?to75®weto# 
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A mile further on coal wash, two feet thick, in decomposed ironstone, 
occurs. The dip here does not exceed 35°. 

About a quarter of a mile before Sukhil gully is reached traces of 
coal are found and continue right up to the top of the ^ass. Two 
hundred and fifty feet from the summit the coal seam is 2 feet 6 inches 
in thickness and is overlaidhy ironstone. Evidently this is either not 
the true coal seam, or the latter has been repeated by a strike fault. 
From Sukhdl gully (33V— 75V) the ground descends 3,400 feet 
to the bed of the Anji stream, a distance of about 
The Anji valley. miles. Passing downwards the strike trends 

round to 45® west of north. Traces of coal are to be seen all the way 
down to Santrini Kund (33®a'-— 75®3'), about one mile from the crest. 
At this latter placS'the coal seam is 2 feet 10 inches in thickness, and 
dips north-east at an angle of 30^. A drive, near here, struck the coal 
seam at a di^tance of 8G feet from the start. Between this point and 
the face, at 350 feet, the coal averaged 3^ feet, but is very impure 
(see plate XII, fig. 3 for graphical representation of thickness of coal 
seam). For fully three-quarters of a mile further frequent exposures of 
the coal seam are found, but no exploratory work has been done. 

About 2 miles below Sukhdl gully the strike of the rocks sweeps 
round to the north, and the coal-outcrop becomes obscured by landslips 
and cultivated ground. In the bed of the Anji streams, the section 
exposed is 


Murree sandstones and clays 
Olive shales and nummulitic limestone 

Coal seam 

Ironstone 

Shales, ferruginous at the top . 
Siliceous grit (about 100 feet) . 

Great Limestone. 


^Obscured by 
. debris. 


The ironstone strikes N. 5^ W.| and dips east at an angle of 35°. In 
the limestone the strike is N. 40^ E. and the dip south-east at 3 

At Kotri (33*^4' ** 75 ^ 3 ')i )U 8 t across the stream, the strike of thp 
beds sweeps round to the west and continnes on this course until the 
Anji stream is re-crossed 3 miles below. Seveiml pcospep^s have beeq 
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made at Kotrii but most of themi being commeuced in broken 
ground, have collapsed Three drives (Kotri No. L n, S, and f), from 
50 lo 100 feet above the stream bed, were driven, respectively, 89, 40, 
and 45 feet, in loose ground, without finding coal. Kotri No, II drive, 
a short distance beyond, struck coal at a distance of 50 feet. At 57 
feet the coal was said to exceed 7 feet in thi^'kness, but the excava- 
tion has now fallen in. A companion drive (Kotri No. iti) commenced 
in coal which thickened to 7 feet at a distance of 57 Ito), This drive 
has also collapsed. 

About a quarter of a mile further on, at Bowli (33V“75°30» 45® 
feet vertically above the stream bed, the ironstone band is seen to be 
much contorted, and there are many evidences of disturbance. A drive 
(Bowli No. I) has been driven in near this point, for 20 feet, in soft 
coal exceeding 7 feet in thickness. About 500 feet beyond, an open 
cutting (Bowli No. II) was driven for a distance of 40 feet in coal 
more than 6 feet in thickness The coal with its overlying shales 
55^ "®st of north, whilst 30 feet to the west the ironstone dips 
75® cast of north. Apparently these conflicting dips are due to surface 
slipping. Bowli No. Ill drives are 200 feet beyond No, II drive. Two 
drives wt re driven, respectively, 45 and 25 feet, in shales vitheut find- 
ing coal. They are evidently ^ome distance above the coal horizon. 
Still further on Bowli No. IV drive went 40 feet in shales containing 
coaly streaks. On the crest of the spur at Bourg (33'^4^*^ 75^3 )» 
S25 feet above the Anji stream at Kotri, an ofien cutting has exposed 
a thickness of 6 feet of coal and coaly shale, striking north 78® west 
and dipping north at an angle of 52®. Just below this point a fsoU 
occurs — part of the old limestone being found o\crlyiDg the olive 
shales and nummulitic limestone. 

About three-quarters of a mile further west, andsonrc500 ffctabo\e 
tjie stream, the ironstone shales arc found dipping N. 40® E., an 
angle of 32®. An open cutting here f33V—75®^0 (Harniasu Na 1) 
exposed 3 feet of decomposed coal. Sonre distance further west, two 
drives (Harruasu Nos, 11 and III) went 70 feet in the vppee shales 
iwitheut finding coal. Ihese prostccts sre quite evident^ some 
dktance above the coal horixon. 

C 
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Rather more than a mile further west (in 33^4'— 7S®i')> ^ tunnel 
(Nadia No. Ill) was driven in and struck coal at 93 feet. <From this 
point to a distance of 295 feet from the start the coal varied in 
thickness from i ( to more than 9 feet, and averaged 4 feet 9 inches. 
At 295 feet a fault throws the measures to the south. After my last 
visit a crosscut in this direction was commenced, and I have since 
been informed that the seam, exceeding 9 feet in thickness, was 
reached after driving 30 feet. A sample from a point 265 feet from 
the portal of the drive, and where the seam exceeded 7 feet in thick- 
ness, yielded, on assay, 44 per cent of ash. The weight of the sample 
was about 40 lbs. and it contained about i ( lbs. of large, pyritic nodules. 
These were rejected in the assay. 

From Nadia No. Ill drive the outcrop of the coal •Measures 
descends rapidly to the Anji stream at a height of 3,550 feet above 
sea-level. The crossing takes place at the junction of the Tote and 
Anji nalas. Nadia No. 1 drive, on the north bank of the stream was 
driven 30 feet without finding coal. On the south bank a drive 
(Nadia No. II) has exposed a mass of coal exceeding 8 feet in 
thickness. The coal measures here are much disturbed, and dip 
towards the north only a few degrees from the vertical. The olive 
shales and nummuliiic limestone have thickened to 535 feet, of 
which thickness fully one-half consists of limestone bands. Some 
60 feet south of the coal exposure the great limestone can be 
seen dipping N. 70° E., at an angle of 30°. Apparently faulting has 
occurred. 

For rather more than a quarter of a mile from here the coal 
measures follow the southern bank of the stream, but at Hdkroli 
they bend round sharply to the north and again recross to the 
northern bank. Where the crossing takes place, coal is exposed on 
both sides of the stream. On the northern bank a trench (Hikroli 
No. I) (ill 75®*^) proved the thickness^ of the coal to exceed 

6 feet. The dip at this point is 50® in a direction 45® east of north. 
At a point 50 feet beyond the trench, a drive (Hikroli) has been 
driven into a distance of 180 feet. Throughout its length it is in 
ddbfiii with the outcrop of the coal seam appearing occasioiiafly in 
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fijOOr. As the thickness of cover increases the drive wtti dum* 
less mil into solid ground. At the time of my visit the tUchMS^ tt 
the seam could not be measurcdi and the coal appeared to be shafy« 
From the Anji stream at HAkroli the Subitho outcrops rise 
steadily for 14 miles, through a vertical height 
of #,700 feet, to PunebAri gully (33®5'-y5VK 
The dip of the beefs varic from 70^ to the 
north to 30® to the north-east. Throughout the u hole of this distance 
no coal exposures can be seen, the lower ground being covered by 
cultivated fields^ and the higher ground by talus. 

About a quarter of a mile west of and 350 feet briow, the gttUy a 
good exposure of the ironstone and iron2»tonr shales, dipping north at 
an angle of 40^, can be seen At this point, a trench on the coal horisM 
exposed a V-shaped mass of shaly coal, 2 feet thick, thinning down to a 
few inches. Apparently a wash-out occurs, the place of the coal being 
taken by yelloivish-gray clay One hundred feet west another trench 
proved finely laminated, shaly coal, 3 feet thick, thinning to 2 feeti and 
dipping north at an angle of 8o^ 1 he surface dips hereabonts are 
extremely \ariable. About one-third of a mile further west, and juit 
below the village of Bhurru, an outcrop of coaly shale containing 
bands of gray shale, the whole being quite 30 feet thick, can be teen. 
This outcrop i^ found 300 to 400 feet vertically below the assomed 
true position of the coal-outcrop, and it occurs doubtless in a slipped 


From Bhurru the coal-outcrop (unseen) descends into the Bbarm 
nala (3,800 feet), and from thence ritics for nearly a mile to Malkdt gully 
(33*’6' — 75°o'} (5,150 feet). About one-tkird of a mile from the foot 
of the slope the dip of the rocks is 60^ north-north-cast, but gradual^ 
lessens to 40^ Shaly coal is again seen about half-way up the UB. 
A small excavation proved its thickness to be only 2 feet, and that thi 
deposit is extremely irregular* Near the crest of the pass t^ dip ol 
the rocks is reduced to 35^ north-oorth-easL An excavatkm, full 
over the summit, 5 feet deep, expoaed aoft, ahaly ooalexcabdisig a §m 
6inches in fhidrims. A little further down a tsendioe tha cog 
horiaoD went to m dqpth of 9 feet in looae earth. A bofdbola petdom 
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ao8 

3 feet 6 inches further did not reach solid rock Passing down warda 
towards the Gogu nala the following sectioi typical of the coal 
measures north of the Anji valley was measured 

Sandstones and clnys 

Olive shales, with bands of nummulitlc li nestone, ferrugin- 


ous at the base . 250' 

Coal variable. 

Shaly ironstone 6' 

Shales with ferruginous bands • • . • . 350' 

Calcareous shales ...... 50' 

Great Limestone. 


The dip at this point is east-north- east, 45^. An excavation in the 
coal seam proved shaly coal exceeding feet in thickness, little 
further on another prospect showed 5 feet of shaly coal. 

From the Gogu stream ^>250 feet) the outcrop of the coal measures 
rises to Gagwini gully (5,450 feet). About a quarter of a mile from 
the stream, coal is exposed over a length of outcrop of 100 feet. 
About the same distance further on coal is again exposed in several 
places, in one of which a pit, 8 feet deep, proved— 

Shale — 

d sy •• 

Shaly coal 2' 1" 

Coaly shale . 2' 7" 

The dip is north-east at 40°. 

Half a mile beyond, at GagwAni gully (3 3 ° 7 74 ^ 590 » the coal mea- 
sures are much contorted, and a fine cleavage has been induced in the 
shales and coal. A pit, 9 feet dip, showed the coal seam to be 5 feet 
4 inches in thickness. A second prospect in more disturbed ground 
near by proved only 2 feet of shaly coal. 

Passing downwards towards the Chenib river, ^oal is not seen for 
Wly two miles. Just below Bakol (33®8'— 74^58') (2,950 feet), coal is 
seen in several places, but in very disturbed ground. The great 
Umastene is found abutting against^ and apparently overlying, the lower 
liodo of the Siibithu group. The general dip of the rocks is oouth**^ 
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east, but is locally extremely variable. Probably extensive Inn^ips 
have occurred here. Three excavations were made in tlie coal onlCfOp^ 
proving shaly coal exceeding 6 feet in thickness. 

In the Batrare nala, about i mile north-east of Bakd, coal is agaio 
found, dipping at an angle of 40^ to the south-east. The seam here 
is about 6 feet in thickness. Further down the i^Ppe, as the Chenib 
river is approached, the Subathu group is not ic^n, being overlaid 
by ddbris from the higher ground. 

Reverting^ to the Jungle gully area, the Subathu beds, at Doomwai 
curve round to the west as lar as Mootal 
Mootal aod San- (32®59'— 75^)1 ^hiTC thc Doodar rivff fault 
apparently dies out just north of Mootali 
two trenches were cut in broken ironstone showing traces of CoaL 
In the western trench, coal 2 feet thick, dip^iing northwards into tbs 
hill, was struck at a depth <1 about 15 feet. In the Ponhias naJOt^ 
which debouches betvieen Mootal and Chirai, a shallow excavation 
found traces of coal. Near the temple at Chirai, a cut, 1 1 feet deep, 
showed coaly strings in a broken mixture of g^a) -black clay aod iron* 
stone overlaid by broken, pre-tertiary limestone. Two hundred feet 
further west two trenches were cut and showed similar sectiona. About 
one hundred feet south of this point, Murree sandstones are to be 
seen dipping vertically. 

About a quarter of a mile west of Chirai, a dip drive gave the 
following section, dipping north-north-east at an angle of 60® j— 


Brecciated limettone f 

Ironstone . . • • • . # 3^ 6^ 

Grey shales with coaly streaks • « • • 4' 

Decomposed ironstone . . • . 1' 

Grey clay • s' cT 

Reddish sandy clay • 


Half a mik to the north-west another cxcavaiioii in similarly 
inverted rocks proved coal from 3 to 6 inches in thicknsis* Four 
hundred feet to the west of this excavation, a horisontal drive dbonuMl 
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the fdfowitig rocks lying almost horizontally, but extremely irregu- 
larly 


Limestone, broken 
Ironstone . 

Grey shale • 

Coal • 

Grey shale • 

Red clay . • 


6 f 

o 

• . • I ' 2" 

• • o p 

. . • o' 10" 

. 4' o"-|- 


At a point 1,000 feet south-west of the last excavation, and 500 feet 
west of Sandrdni, a small detached deposit of coal occurs. The sec- 
tion is: — 


Brecciated limestone . • . . . . 10' o" 

Grey clayi containing bands of soft coal aggregating 
2 feet in thickness, and a snb-angular block of iron- 
stone, 4' X 4' 4' 

Red clay . . , • . • , . i ' to 3' 

This deposit is evidently derived from the outcrops further north. 

Abotft 6ne-third of a mile west of Sandrdni, a trench has exposed 
of coal in a stiff brown clay (probably decomposed ironstone) 
cotitainhig fragments of limestone. 

In the Jagha nala, a little to the west, the Subdthu group is com- 
pletely absent, the Murree beds abutting directly against the old lime- 
stone. All the way from Mootal no regular exposure of the Subdthu 
group occurs, the whole of the exposures showing broken and crushed 
rocks with frequent inversion. To the south, for more than three 
miles, is seen a steady succession of the Murree beds dipping from 
south»east to north-e^st at angles df Trom 25^ to 45®. It is possible 
that folding with reduplication has taken place, but no evidence of* 
such can be obtained owing to the absence of recognizable bands in 
these beds. Should such be the case, the coal, at certain points, may 
lie at a reasonable depth below the surface. 


VI. 

GEOLOGY OF THE SANGAR MARG FIELD. 

For a detailed description of the geology of the field the reader 
may be referred to Mr. LaTonche's report {Rec.| 
G. S. L, Vol. XXI, part 2, page 62). It will be 
tbffiicfOnt for me to say that the section of the ami tHeasurts is ytty • 
^ 22 ) 



bEOLOGY or THE SAMGAR MARC PIELd, 



similar to that of the Ladda field, the two areas being actually the 
east and west portions of the same field. The arrangement of the 
outcrops at the surface is, however, somewhat difiFerenc, the abeple 
anticlinal structure of the Ladda area b«*ing replaced by a system of 
anticlines and s>ncliiies which add considerably to the length of the 
outcrops, and would facilitate thec&ploitatioDg^ the coal. The genessl 
arrangement of the rocks may be apprehended from an examination 
of the map on Plate 1 , and the section (tig. i) below. 



Fjg. I.— Section acrofb Sangar Marg coal flelcJ trom Brehal U Lena Stn«,ofi Use 
CH on Map, Pi. 1. 

The above is a reproduction from h^r. La Touche's report. It is tidMRl 
across the western portion of the field in a direction transverse to the 
* strike of the rocks. 

Details of the Coal^bearing Formation . from tin# 
Chendb river, w here the description of the m/ 
ihl^Cbertb measures in the Ladda area was disooiitiiMiod, 

gawrMarg. rocks for some distance contimie to tm 

obscured by landslips and talus deposit^ 'Toil 
is first seen at Chimber (33'’Ko'‘--;4"*S70t ^ a beighl €R abont 
1,300 feet above the level of the river. A tunnel, 60 feet I0 longthi 
was driven to pro\e the seam in depth. When first fsnehed 
the thickness of the seam was 2 feet, but after ten lest ef 
do^i^E thickness decreased to 1 1 feet. The dip of the s ea m fp 
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to the north at a steep angle^ and the quality of the coal is very 
inferior* 

From Chimber the outcrops strike westward, and the horizon of 
the coal seam is not exposed, for fully three miles, until Kantan 
(33°!^" — 74°540 is reached. At this point the dip of the measures 
is N. 15° E. at 40®. The outcrop of the seam is 4 feet thick. 
A tunnel proved the thickness, at a depth of 10 feet, to be 5I feet. 
After my dep<irture, the tunnel was continued a few feet further, when 
the seam is said to have split up into two baitds, respectively 18 inches 
and 6 inches in thickness. The quality of the coal is very inferior. 
Some time previous to my visit a tunnel had been driven in at a point 
about a quarter of a mile further west. It is now waterlogg^. It is 
said to have been driven to a distance of 70 feet in coal thickening 
from 6 to 12 inches, and that the seam disappeared in the face. From 
Kanlan the measures continue along the northern bank of the Chenab 
through Arnds (33®! i' — 74°52'), and cross the Ans river. Throughout 
this ground the measures are not exposed. 

To the south of the river and about miles south ot Arnds, a small 
outlier of the coal measures is found at Saldr (33^10' — 74°5i0* The 
beds extend from near the river up to Saldr fort, 1,500 feet above 
the level of the river, and 3,000 feet above sea-level. The dip is to 
N. 10® E. at an angle of 30®. Over most of this ground the coal seam 
has been denuded. Coal is seen over an area of about oue-third of a 
mile in diameter, but the seam is variable and does net follow the 
same horizon for more than a few yards. The thickness varies from 
2 to 5 feet, and the appearance of the coal is poor. 

Returning to the main outcrop, after crossing the Ans stream 
the measuies enter the hilly country to the north of the Radd nala. 
Coal is first seen at Cherungha (33°ii' — 74°5o0i where, in the bank 
of the Radd stream, a cutting, 10 feet deep, exposed nearly 9 feet of 
coal, of which the upper half is of fair quality. This outcrop can be 
traced for several hundred feet to the east, but westward is obscured 
by talus. About a mile further west a small cuttitig exposed about a 
feet of coaly shale, dipping nearly vertically. From this point the 
measures ascend to Balddnu gully (3,000 feet), from whence they . 
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descend for 1,000 feet into the Beddi nala, *»nd again rise to 
(3,100 feet). On Panisar hill» coal outcro{>s are found io several places. 
Over a distance of about half a int!e» four pits Rink in the out* 
crops to depths of from 6 to 1.: feet. The average thickness of coal 
proved was 6 feet, but it is little I ettcr than carbonaceous shals« 
The surface dips are very conflicting, probably due to ^dsltpptng. 

In the Chcresu nala, about a mile wc^t of Pandsar, ct/il is again seen. 
A cutting proved the thickness to exceed 4 feet. A similar thickness 
was exposed in a cutting made at a point about a (juartcr of a mile 
to the west. In the Singar nala the coal c.in be traced for several 
hundreds of feet. A cutting, 8 feet deep, expose d the coal seam, 54 
feet thick, dipping N. 5° E. at 60®. On the western slope of the gully 
and about a quarter of a mile distant, two cuttings were made. In the 
first, coal 34 feet thick was exposed, whilst In the second the section 
exposed showed tw'o bands of coal, :2 imhes thick, separated by a foot 
of shale The dip is st(cp to the north. Fiom here the measures can 
be followed through Behota (33'' u' — 74^45') down to the Radd nala 
(2,200 feet). No coal is exposed. For about a mile the stream is 
followed^ beyond which the beds run up the nala to the south of which 
lies Boni (33®ii' — 74®44'), to Paddar (3,400 feet). Near Boni a coal 
outcrop, 2 feet in thickness, is to be seen in ground which forms part 
of a landslip. On the w'ay up to Paddar the measures are well shown. 
The shales, dipping vertically, are frequently contorted and occasion* 
ally contain coaly patches. 

A little beyond Paddar the seam is again seen, dipping north at a 
high angle. A cutting, 10 feet deep, exposed 5 feet of inferior coal* 
Between Paddar and Gool (33^12' — 74%o'} several cottingp and pits 
exposed ahaly coal from 6 to 12 inches in thickness. In the vQIage of 
Gool, at 4,650 feet, the seam is not less than 6 feet thick. At 5^000 
feet a small cutting again exposed the team. On the path to Iknt 
at 5,400 feet, an irregular coal outcrop, 0—2 feet thick, is seen* On 
Ikni gully (33®ii — 74®4o', 5,600 feet), coal is not seen, butsbonl 
top yards to the north-west a thick coal outcrop is to be iottild* 
A tunod was driven from a point below this outcrop, and struck cosi 
atn distance of 108 feet. The seam is 61 feet in tbicknesi^ ud Ike 
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dip is steep to the north. The quality of the coal is good, an assay 
yielding only 13 per cent, of ash. 

From Ikni gully the measures slant down the southern slope of the 
The Ikni-Sujinpur towards Sujinpur. At a point about a 

''“P*' quarter of a mile west of the Ikni tunnel, at a 

height of 5,250 feet, a thick outcrop of coal is again to be seen. The dip 
is vertical. A cutting to a depth of 6 feet exposed a width of 13 feet 
oi coal. Assay showed the coal to be of inferior quality. From this 
point as far as bujAnpur (3,500 feetj, a distance of about two miles, the 
measures are only occasionally to be seen, and no coal is exposed. 

At Suj^npur (33°ii' — 74°38'j the coal measures bend sharply round 
to the east and run towards Chakka.^ About a 

The SujAn pur synclinal. , , , " . , 

quarter 01 a mile from Chakka (3,900 feet) a coal 
outcrop 15 inches thick is seen, Lut cannot be traced far. Near the 
tank at Chakka (33°! 1' — 74°39') the beds bend“ abruptly round the 
eastern end of the s^ncline and run west. At the bend coal is exposed 
in severdl places. A cutting, 9 feet in length, in the bank of a stream, 
at a point 550 feet north of the tank, exposed 18 inches of coal overlaid 
by 5 inches of coaly shale. This cutting is situated at a point 150 feet 
to N. 30° E. from a pit sunk by Mr. La Touche in 1887, This pit had 
been filled in, but 1 had the debris removed to a depth of 49 feet 
without finding the bottom of the shaft. The coal seam is found at a 
depth of 41 Icet and is only 15 inches thick and oveAain by 6 inches 
of carbonaceous shale. An assay of a sample from the coal in the pit 
yielded 27 per centoi ash, or 6 per cent, less than the result yielded by 
the coal obtained from the cutting in the outcrop. About 1,000 feet 
west of the lank, a dri\e, 9 feet in length, proved 2 feet 10 inches of 
coal, which on assay yielded less than 7 per cent, of ash. Five hundred 
feet further west the seam has thinned to 15 inches, and this thickness 
obtains for abcut 1,000 feet further to the west, beyond which point 
the seam appears to die out. About three-quarters of a mile from 
Chakka, the measures sweep round south-wards over the top of the 
main antidine. No coal is exposed. 

At Sarodab 4 r (33^11'— 74^42'}, on the top of Sangar Marg 1 i 31 
(51850 feet), a small QuiUer of the Qoal measures^ occupying the head 
( ) 



CEOLOGV OP THE SANCAR MARG FIBtD. 

of SajAnpur synclinal, is found. The area which coal is found if 
about a quarter of a mile in length and 150 vards in width. Coal 
is exposed in several places. A sample from an oitCf^p, move than 
7 feet in width, yielded, on assay, nearly 43 per cent, of ash. 

After passing down from Chakica ovc^r the top of the main anticline 
^ . the coal measures again bend roui^Jto the east 

in the direction of Brchal (33*^10' "•74‘'37')- At 
the bend, in th * bank of a small stream, the coal scam is excel* 
lently exposed. It is 20 inches in thickness and dips 25 ^ a direction 
S. 20^ W. Two hundred yards to north-west the thickness is only ta 
inches, whilst 60 yards down stream an exposure shows a feet of coal 
lying almost directly on nummulitic limestone, and dipping south-west 
at 45^. This unusual position of the coal is probably only explainable 
by faulting. 

At a point 150 yards to the ^ast, a drive exposed feet of coal 
dipping south-west at 43^. One hundred )ards further east the seam 
is 4i feet thick, whilst about tio yards still further east only a few 
inches of coal is found in* vertical and contorted shales. About 150 
yards further on, a cutting ex| osed a thickness of 7 feet of coal, dipping 
S. 10° W. at 30^. A fault of 3 feet throw, which occurs here, 
probably accounts for this increased thickness, (or only a few yards 
away a pit, 18 feet deep, proved only 11 inches of coal dipping 
S. 20^ W. at 50^, From Brehal, the outcrops ascend the slope to the 
north-east for about 350 feet vertically, and from thence descend 
steeply to the east towards the Tawi stream. At their highest elevation 
(3,330 feet), and at a point where the path froih Raasu joins the path 
from Brehal to Chakka, coal is exposed. A cutting, 6 tect deep, 
proved 3! feet of coal, which on assay yielded only 4I per cent* of 
ash. 

On the steep descent towards the Tawi stream, coaly traces are ^n 
in several places. A large number of cuttings exposed sbaly coal vary* 
ing in thickoeas from a few inches to 2 feet Near the Tawi Stieanii 
at 2,700 feet, the rocku are obacured by aUnviom. Near the village of 
Ransa (33^10' — 74"'380i And about one-third of a mile east of flie Tawl^ 
a jpt, to feet deep, exposed 4 feet of shaly coal, dipping S. 25^ B« at 
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75®. About halt a mile further east, on the top of the ridge (3,4X)( 
feet) between Ransu and Kori (33®io' — 74°39')> a cutting, 5 feet deep 
proved 15 inches of coal in vertical rocks. An assay of the coal yieldec 
28 per cent of ash. For fully three-quarters of a mile further east nc 
coal is exposed. 

At Kdlamitti (33°io'— 74°4o'), the band of coal-bearing rocks bends 
sharply round the eastern end of the Bugoola synclinal, and runs bad 
westwards. At the bend there is much disturbance of the beds, anc 
coal is extensively exposed. In this neighbourhood, six cuttings anc 
pits exposed coal varying from 2 to 6 feet in thickness. A sample froir 
a cutting showing 2 feet of coal yielded 25 per cent, of ash, whilst 
50 per cent, of ash resulted from the assay of a sample frojgi a cutting 
showing 4 feet of coal. 

In the steep nala leading vvestwards from Kdlamitti, four cuttings 
exposed shaly coal from to 6 feet thick. Near the village of Kroo 
(on map 33® 9'— 74^38'), the coal me asur e^xocVs curve round the viest 
ern end of the old limestone ridge, ’(^vhich here forms so conspicuous ar 
object in the landscape, and run to the east. On the village lands i 
pit, 17 feet deep, exposed 4^ feet of coal which on assay yielded 35 pci 
cent, of ash. The dip is vertical. At a point 1 50 yards further east 
cuttings proved from 2 to feet of coal. About a mile further on 
coal is again seen. It is shaly, and the beds are much disturbed. A 
little further east the coal measures are faulted down and disappear. 


VII. 

THE MEHOWGALA, SIR6 VALLEY, AND KALAKOT 

FIELDS. 

This Reid is situated some 8 miles west of Sangar Marg, in 
33®i2'— 74°32'. The coal measures occur fringe 
TIm Mehowf ala field. ing the edges of, and dipping away froiQ, a 

central dome-like mass of great limestone^ which; 
lying betwean the villages of Acker and Mehowgala, is about equally 
divided, on a north and south line, by the Aneari Taw stream, whicl 
passes trough it in a deep and narrow gorge. Commencing on the 
norlh side, for about one-lhird of a mile to the eastward of the rivei 
( a8 ) 
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(2,500 feet), the measures are obscured cultivated groundi bejoad 

which, in the higher ground, coal is first serr* A cutting, 6 feetde^ 

exposed the following section 

Coalv shale and clav • . • . r 3^ 

Coal' S' o* 

Coaly shale . . , • • l’ O* 

The dip is to N. 20° E. at Ka ossav of coal from the 8 feet 
bed yielded 37 per cent, of ash 

At a point about 500 yards to south ea^t the seam exposed in 
the high bank of the Hanoo stream. Two cuttings were made. The 
west cutting was driven 8 feet in a thick outcrop of soft coal of which 
^Cbe exact thickness and dip were not ascertained. Only 30 yards to 
the east th^ seam was found to be only 1 \ feet thieW, and lying almost 
horizontal. The coal remo\ed from these cuttings being intermixed 
with pyrites, took fire spontaneously, and burnt with a choking 
sulphurous odour. 

At a point 350 yards higher up the stream, a pit has been sunk 
during former explorations It was commenced in the shales over* 
lying the coal scam, and, judging from the amount of spoil, must have 
gone to some considerable depth. Local tradition fixes the depth at 
about 100 feet, and does not record the finding of coal. 

Some 500 feet south of the two cuttings last^mentioned, the seam 
was again exposed in a catting, but the thickness is only 15 inches. 
One hundred yards to south-west, a drive, to feet long, proved coal, 

2 feet 10 inches thick, dipping gently to S. 20^ E. On continuing this 
tunnel to a distance of 14 feet, the coal gradually changed into soft 
shale containing thin threads of coal. One hundred yards to the west 
the coal seam, as proved in a 10 feet tunnel, is 3 feet thick ; whilst about 
50 yards still further west, the same thickness was exposed. Prom this 
point, the outcrops begin to descend towards the Aneari Taw stremi, 
35P feet below. About 50 yards from the highest elefAttau of 
outcrop, a tunnel, 18 feet in length, was driven in coal thinfifaif ftom 

3 feet to 1 foot 10 inches, and dipjnng south at 20^. As ssssjTnf s 
sample from the face of the drive gave only 1 1 per cost, of sA. Ifl s 
dittiiig 8 feet deep, some 400 feet further west, the seam is 2} feet Aidk| 
asd dips at 45 ^ Some 300 feet further 00, a drivoi 14 feet is kh|gll|, 
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was made in coal thickening from 2 feet 8 inches to 3 feet. The coal 
from this drive is hard and of good appearance. On assay it yielded 
less than 8 per cent, of ash. Thirty yards further on, coal is last seen, 
and from this point down to the Aneari Taw, about a third ol a mile, 
the ground is covered by talus, whilst in the bed of the stream a con- 
siderable thickness of alluvial deposits obscures the outcrops of the 
coal measures. 

Between the stream and the village of Mehowgala— about half a 
mile — the measures are not well exposed. In two or three places a 
coal band, i foot thick, is seen in the clays underlying the coal horizon. 
Just below the village, the outcrops attain their highest point (3,000 
feet) west of the stream. Near here, a tunnel was driven on the coal * 
seam to a distance of 13 feet. The seam dips north at 35°, is i 94 nches 
thick, and assays only 6^ per cent of ash. One hundred and fifty 
yards to the east, a cutting, 8 feet in length, exposed coal exceeding 
6 feet in thickness and dipping to the north at 20°. An assay of the 
coal yielded 8 per cent, of ash. From this point down to the Aneari 
Taw, on the east, a distance of about 300 yards, the coal measures 
are well exposed in the cliff, and coal is seen over practically the 
whole distance. As was occasionally observed in the Sangar Marg 
field, there are two seams, the upper of which varies from. 6 to 12 
inches in thickness, and lies about 20 feet above the lower^or principal 
seam. The results of excavations in the lower seam, over this ground, 
may be summarized thus : — 


Serial 

Number. 

Distance driven, 
in leet. 

Thickness of coal, 

. in feet. 

Dip. ' 

Ash. 

' ; 

12 

Exceeding 4 



11 

21 

\ thickening to 3 . 


1 

111 

e 

2 

35 * 


IV 

6 

If 

4«* 

lai per cent. 

V 

12 

5 thinning to 4 

ji«r 


VI I 

1 

7 

ai 

1 

13 ponteflit. 

VII 

7 ^ 

Si' ! 

4$* J 
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About a mile to tbe west of Mehowgala, the cm/ MCiSCMfVt AN 

1 be Sito Valle, field. e*P<»ed « the broad open valley ia which 

Sir 6 village (33® i a' — 74®'^ o') ia aitoated. Tlie 
general dip of the beds is to ths aonth at a very low atigle* Thcl^ 
horizon of the coal measurea is only reached at fhe head of the valteyi 
in the neighbourhood of Nimbal (33**2'— 74^300, at a height of about 
3,700 fee^t above sea level. A great deal of coal is exf QJed on either 
side of the two streams flowing through the valley, and it is not easy 
to correlate the outcrops. As in the Sangar Marg and M ehowgala 
fields, there appear to be two seams, but there are many lenticular 
bands of less or greater thickness. 

Follow mg the path from Mehowgala, coal is first seen at Nimbali 
on the left bank of the stream which flows down the eas tern side of 


the valley. In a drive, 30 feet in length, the thickness was 4 feet, 
whilst in a shaft, 22 feet deep, only a few yards away, the thickness 
was 3} feet, thinning to 3^ feet at a distance of 5 feet from the pit 
In a shaft, sunk in the fields on the western side of the stream, and 
about 500 feet distant, the seam, at a depth of 16 feet, was 19 inches 
thick. Five hundred feet further up-stream, a pit, 13 feet deep, 
exposed a thickness of 4 feet of coal. In the centre of the valley, at 
a point about 1,000 feet west of the excavation last mentioned, the 
following section was* exposed in a pit 6 feet deep 


Coal o» 9* 

Shale % • • •• ■ • .0 0^ 

Coal O’* 10* 

On the right bank of the western stream, a good section exposes 
two seams of coal separated by 20 feet of shales. Short drives ex* 
posed 19 inches of coal in the upper seam, and 3^ feet of bright coal, 
overlaid by a foot of dirty coal, in tbe lower seam. About too yards 
upHitream, a cutting proved that the lower seam thins to i 6 in^heSi 
In a branch nala, about 100 yards further north, tbe same seam m'otdy 
IS inches thick, but thickens to 2 feet, and further on is again sssn 
wf|h a thickness of 3 feet. About 100 yards dowii«stream bom Oo 
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point where the tvio seams are exposed in one section, a cutting in the 
left bank exposed the lower seam, 9 feet thick, but it thins in 10 yards 
^0 feet. On the opposite bank, the seam, with a fairly constant 
thickness of 22 inches, can be traced for about 1 50 yards down-stream. 
On the left bank again, and about 50 yards further down, the thick- 
ness is still 22 inches. The section, at this point, exposes the interest- 
ing examples of faulting illustrated in Plate XI. About loo yards 
down-stream, a tunnel, 13 feet in length, in the right bank of the 
stream, exposed the upper seam with a thickness of 2 feet. Assays of 
six samples of coal from this neighbourhood yielded ash varying from 
18 to 26 per cent., but another sample, from the upper seam, gave as 
high a percentage as 42. 

This field is situated about two miles to the west of the Sir6 Valley 
field, and is separated from the latter by a ridge 

Thf Kilak6t field. Murree sandstone which rises to a height of 

about 1,500 feet above the valley. The coa/ measures are exposed on 
all sides of a precipitous ridge of great limestone which ^cuts obliquely 
across the valley of a tributary of the Aneari 1 aw, and is some four 
miles in length. The width of this ridge varies from about one and-a- 
half miles on the east to tw^o or three hundred yards on the west. On 
the north and south, considerable local faulting has taken place, and the 
measures are much disturbed. 


Coal is first seen at K41ak6t (33^13' — 74®28'J, w^here a drive, 7 feet 
long, exposed 4 feet of coal, dipping N. 20° E„ at 53®. Only 50 feet 
away, however, the seam is reduced to 14 inches. To the north-west, 
alluvial ground obscures the outcrops, but at PirAn (33^14''— 74^27'), 
half a mile distant, the seam is again seen, 18 inches thick and dipping 
gently to north-east. About half mile further on a pit on the eastern 
slope of Jhaltutunia hill was sunk in coal to a depth of 14 feet. The 
thickness and dip- of the seam were undetermined but the thickness 
^evidently exceeds 8 feet. On the western slope of the hill, a good 
deal of coal is exposed. Two separate seams can be distinguished. 
The dip b S. 10^ E., or towards the limestone, at angles of from 42^ to 

( 33 ) 
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5a*. Several excavatioin in the Upper seamt were made hod A 
representative sectiofi of the ezp9mreB is ^ 


Inferior coal I* o'* 

Shale • m f m • frion *0 1* o'* 

Inferior coal • • « • • « ^ t* e*' 


Over a distance of about 250 feet» three excavatioRO in the lower 
seam, to a depth of from 10 to 14 feet, exposed from 2 feet 7 inches 
to 4 feet 3 inches of coal. Samples from this locality yielded from I2 
to 17 per cent, of ash. 

Between Jhaltutunia (33^14'— 74^27') and the western end of the 
inlier a little west of Jigni (33^i4'-*74^25% a distance of about two 
miles, four small pits exposed a considerable thickness of coaly ahale 
with thin inconstant bands of shaly coal. At the bend of the outcrops 
ronnd the narrow ridge of limestone the beds are much disturbed^ and 
the dips contrary. A pit, 7I feet deep and 5 feet wide, was Sttnk,*all 
in coal, without finding the floor of the seam. Just below the village 
of Jigni, a catting exposed 8 inches of coal, whilst half a mile further 
south-east only coaly shales are to be seen. At Kargdia (33^14''— 
74^ 26*), the measures are much disturbedwand the coal appears to 
be patchy. A pit, 7 feet deep, exposed 10 inches of bright coal ; 
whilst €00 feet further east, 4 feet of coal was measured in a pit 6 feet 
deep. Between Kargila and Sonjpir (33^12' — a distance of fuOy 
3 miles, the rocks are ^ell exposed but the shales contain only occa» 
sional, thin bands of coal* A little north of Sonjpiri the measures dip 
south-west at from 15^ to 20°. A cutting proved 2| feet of coal 
overlain by 6 inches of coaly shale ; whilst 200 yards to tl|e souA-eMt, 
two cuttings exposed about a foot of coal overlain by a foot of shaly 

oa4 

At a point about a quarter of a mile before tfie stream is cmM 
ueat Ser« the coal seam is 23 inches thick, and dips N« 70^ W* at 
At the point where the outcrops cross tiie streaiUi a little to the uoftfi pf 
Set (33'*ia'^74®«/)# three ci^og sproved coal, vasying from 14 to it 
lodifp ip tfaickiiess, and dippii^ S. 60^. at Ma paint Oio-ttdpi 
4 i|^totiieesati Ihebeds d^ S, 13* W« at 23^. A enttipg aapamd 
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lenticular bands of coal and coaly shale. Altboi^h the rocks are occs* 
sionally well exposed on the eastern si^e*of the inliefi no coal is seen 
untH the outcrops at Kdlak6t arc again reached. 

Seven samples of coal from this field yielded, on assay, ash varying 
from 1 1 to 33 pef cent., and averaging rather more than 20 per cent. 

VIII. 

THE LODHRA COAL-FIELD. 

Approximately parallel to, and some 10 miles north-east of, the 
_ . . . ^ . Sailgar Marg-Ladda anticline, another inlier oi 

features. the old limestone and Subdthu beds is found. 

This mass is 17 miles in length, and from one to thrte pildi in 
width. It form§ a lofty and precipitous ridge, cut through, three mUei 
from its eastern end, by the Chendb river. The following descriptior 
is confined to that portion of the inlier lying on the left or south 
eastern bink of the river. 

As mentioned previously, the Ladda and Lodhra inliers are separated 
at the surface by a baud of younger rocks. * 1 hese rocks are extensive!) 
folded and in many {dac^s considerably contorted, the disturbance 
appearing to increase in jntensity towards, the north. It is possible 
that the Subdthu beds may * be brought within a reasonable distanex 
of the surface, at more than one point beneath them. 

The Lexlhra inlier, east of the Chendb river, is three miles in lengtli 
and one and-a-half miles in width. It is bounded on the north by the 
Madiil nala, and on the south and east by the Thansu and Lodhea 
ravines. On the south and east the Subdthu rocks are found crushec 
up, at high angles, against the limestone. On the ne^th the groi^> ii 
missing, the Murree beds being faulted down against the limestone^ 

From Section Ko.* 3, Plate IV, the somewhat simple geologica 
features of the anticline can be clearly apprehended. From the genefu! 
section, given below, it will be seen that the $ubdChu group is <mnd|tnn 
ably tfaioner here thhn in the Ladda exposures. It may alto be petethd 
out thati in their turn, the Subithu beds, at Ladda, are again 
diah thd hame group at Sangar Marg) aa given in Ur* La f 
( 3 +^ ) 
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■ectioD {J^€ecrib G. S. A| XXI, a)> potnUng to a gwieral 4 acraii» t«fc 
thickaeaft of these deporits tmardt the north and east The gtoiienil 
section of the rocks is as follows * 


Muiree 


Subkchu 


Daihlploo* TId 

Grqr tandsteGs and red days 
Olivtahalei • . . • • 

NiimmuUtk limestone • . 

Nummulitk limestone with many shale bands 

Olive shalee 

Nummulitk limesteiie with thin shale bands 
Olive shales* carbonaceous at the base 

Shaly coal 

Pisolitic ironstone 

Brown to red, ferruainous shales 

Soft calcareous shales • 


thkbsewhikBb 
. ThidL 
5 

• 5 

ids 

. so 
8 

. IS 

• 3 
10 
It 


Pr^ SiliciOM brecci, 

. . . . . ThS. 

Details oj the coal^bearing formation.^Tht highest point to 
which the coaimeasures attain is Simni gully (33^9''--‘75^fo0 (7#^^ 
feeiy^ from whence their outcrop (alls away steeply on either side to the 
Chenab River (3*000 feet). 

Passing down eastwards from the gully, coal is first seen in the 
Lodhca nala about a third of a mile fixNn the 
Lodbra sod Ma<»si As sccu at the Surface*, the scam is 34 

feet in thickness, lies directly on the pisolitic 
ironstone band, and ia overlaid by 8 feet of coaly, shale. An eacava* 
tion (No., 4}, here, gave the following section^ dipping south at an angle 
of 66^:— • 


Shale 
Shalyeosl 
Limy shale 
Shalyeosl 
Limy shsle 
Shslycoal 


Shal^ceiniiiginon theleftsideef the drive, disphoed 1 feotfiUdhii 
o( the lower coal band, Numeroiis angular to rounded frggnhMi di 
^aleaieoiiib coaly sMewcie found s ca t t er ed tbrougb Hie pofl kn 4 a 
100 feed down tlm nab a sn^ thrust built imunse fidiwtltOi 
iMe distarhanoe. Two hundred nnd fifty feet east pt |bv 4 drihn^ 
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a tunnel (No. 3) had, some time previous to my visit, been driven 
for 30 feet into the coal outcrop, and had collapsed. The over- 
seer who superintended its driving stated that only coaly 2hale 
was encountered. A pit, sunk to a depth of 6 feet, showed that the 
tunnel had been driven above the coal seam. In the pit, 6 feet of 
shaly coal was proved. Two hundred and fifty feet further east, 
another collapsed tunnel (No. 2) is said to have been driven 30 
feet in the coal. The thickness of the coal is said to have been 
5 Icct. A new cutting made at this point proved 5 feet of weathered, 
shaly coal. Two hundred feet still further down the nala, an 
old tunnel (No. i), now partially fallen in, went 20 feet, and proved 
4 feet of coal overlaid by 2 feet of ironstone shale, above which 
lie coaly shales. Five hundred feet beyond, a pit (No. 5) was%unk to 
a depth of 8 feet through the following beds 

Shale 

Good coal 

Soft shale 

Coal 

Owing to trouble with percolating water the sinking had to be 
abandoned. The .rocks in th? neighbourhood of this prospect are 
much disturbed. A dip to the south, at 75“, in a short distance alters 
to east at 60°. A little further on it flattens to 30®, and then increases 
to 48° to the south-west. From this point, although ttie ironstone 
outcrop can be followed, the coal outcrop is obscured by taluj. Pass- 
ing down to the junction of the Lodhra nala with the Madidl valley, the 
disturbance of the beds increases until just about at the debouchure 
(4,900 feet) ,the Subdthu group is faulted down and disappears. A 
mile down the Madidl valley, and half a mile below Madidl village 
(33®i 1'— 75 ®i I *) (wrongly marked On the Atlas sheet), the fault, striking 
north-west, is well shown in a spar north of the stream. The old 
HmeHone^ dipping south-west at an angle of 85^, can be seen abutting 
against Mnrree sandstones, dipping N. 15^ E. at an angle of 64^ 
Following; down the ravine, the fault is seen tq continue as far as^ and 
b^ond, 4 he Chen&b River. 
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Returning to Simni gully, traces of coal can be seen for some die- 
The Thaoru and Koin tancc down the ThansQ-naU. In one exposure, 

from 3 to 4 feet nf coal isfeen. Prospecting is 
rendered difficult by huge masses of dibrts fallen from the sillcious 
breccia at the base of the old limestone. Half a mile below the 
gully, the stream falls vertically for I2 feet over tile upturned coal 
outcrop, which, here, measures 8 feet 6 inches of soft, bright coal, and 
dips soiith-south-east at an angle of 56®. Passing down the nala, the 
coai measures are seen to be covered by cultivated ground. 

Coal is again seen about miles fflmi the gully (at 6,000 feet), and 
the outcrop of the coal seam can be traced for about 100 yards. The 
dip, at this point, is veitical An excavation in this outcrop gave the 
following section — 


Coal . . 

1 

O’ 

Irregular band of limy shale 

0" 


Coal • • 

4 ' 


Irregular band of limy shale 

0" 

to 6 * 

Coal, with lim> concretions 

3 ' 

o- 


Below this point, the coal- bearing rocks are covered by talus 
from the limestone. One and three-fourths miles frem Simni gully 
the limestone outcrop leaves the Thansu nala, rising aoine 700 
feet up its northern slope to Kotaser gully (33'^io'— 75^9') (6,050 
feet). From the gully the crop descends steeply (at an angle of 30®) 
along the bed of the Kolri nala (33^10* — 75^')* right 

down to the ChenAb River (3,000 feet), is filled with dAbris which, in 
places, can be seen to exceed 30 feet in thickness. Abon| one-third of 
a mile before* the ChenAb is reached,* the dAbris has been partially 
scoured out, and a portion of the coal seam exposed. An excavation, to 
a depth of 5 feet, in coaly clay, showed that all but 8i» inches of the 
seam has been denuded. ^The dip here is to the south at 8a®« 

IX. 

NATURE AND QUALITT OF TiW GOAl.. 

The coal is extremdy friabtci riighdy bttmninoni^ and exhibihl W 
regular bedding-planea or deavag^, but hMi 
Fa^^dufscitai. atroogly marked fdliatod character, FifUlbl ko 

f 
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tbe foliation planes it has a brighti lustrous, graphitic ^appearance, 
but a cross-section iQoks. dull. It is very dirty and dusty. Its specific 
gravity is 1*42. It burns with little flame or smoke, the proportion 
of the fixed carbon to the volatile products being approximately as 3^ 
is to 1. The ash content fs almost invariably high. The coal 
appears to be little affected by weathering. That from the drives on 
the Ladda slope cokes strongly it subjected to great heat. Elsewhere, 
the coal only occasionally exhibits coking qualities. 

From its analysis, and trials that have been made, it appears to be a 
fairly good steam coal. Apart from its high ash content, the worst 
feature of the coal is its friability. When broken, innumerable shear* 
planes are seen to divide the mass into thin flakes. Consequen^y if 
subjected to the least rough ubage it falls to powder. Placed in Water 
a lum*p of the softer coal flies to pieces Hkeiuller’s earth with almost 
. explosive violence. This crumbling .nature is undoubtedly due to the 
mechanical pressure to which^ the coal measures were subjected at 
the time of the upheaval which resulted in these rocks being brought 
to the surface. 

In the less disturbed parts of the coal-fields, where the beds are lyif^ 
at a lower angle, the coal is occasionally fairly hard. Such localities 
are, however, few and far between. For the above reasons, there- 
fore, it can be understood that, where the measures are highly inclined 
no hope can be entertained of finding harder coal in depth. 

In this state of fine sub* division Jammu coal resembles the Mdkdm 
. coal from Upper Assam, which, partly tor this reason, and also owing 
to the large amount of svlphiir it contains, is speitially liable to 
oxidation, aud as a consequence to spontaneous oomlmstion. This 
lattes defect does not appear to attach to the Ladch^ coal, tot I found 
ao trace of heating in stacks horn 8 to 10 feet j%fa. 1. the Sai^iar 
llarg field, however, 1 noticed the* occurrence of this phenomenon. 

Small quantities of inflammable gas, probabljr light carburetled 
iqfdrogen, have been, from time to time, emitted from the poal in 
several of |])ie proapecting drives. 


jFlie of tim coal varies urithiii very wide thel tooan 

the ontcTops betwdei Au}t vaH^ and 
Ifaq^ mid toom ^ Imdhin doal-flcld btu^ fiHAe" 



MATUkB AND gUAUTV OV THB COAU 

better than carbcnaoeona shale. The following analjnea of I.aiildl Dial 
from the Jnng^ ravine were made in the laboratory of the GedtOfjktol 
Survey of India, from samples sent down by the Kasbaiir Darfawf 
oflBcials some time previous to my first visit 
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Other analyses are as follows 

Dr. Schullao. 
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Tbe whole of the samples, from which the above analyses wero 


made, were probably carefully selected frdm tbe best coal. 

The foQowing assays are taken from Mr. LaTouche’s report 00 tha 


Sangar M»g and Mebowgalh coal-fields:*-* 
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§ 2 $ SIMPSON: JAMMO COAL-FIELDS. 

The following tabular statement gives the results of analyses made 
in tlie laboratory of the Geological Survey of India, by Sub- Assistant 
Hira Lai and myself, of a number of carefully-taken average samples 
collected by me from the outcrops and prospecting tunnels in the Jammu 
coal-fields. 
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In the above table the following features stand out nrominently 

(i) The coal is extremely variable in quality, the kAmples fromUic 
outcrops between the Anji valley and Sangar Margi and from 
the Lodhra coal-field being Ihilc Setter thii ( ^bonaceous 
shale. 

(a) The volatile content is almost invariably low. 

(3) The sulphur content is somewhat high. 

(4) The coal is only occasionally of a caking quality. 

Burning Tests. 

A reference may he made here to a series of comparative tests of 
Bengal coal, firewood, and Ladda coal. 

The tests were made in the water-tube boilers at the Jammu water- 
works. The boiler draught was induced by steam jets placed below 
the fire bars. The briquettes used in the experiments were made from 
Ladda dust coal and rice paste, were compressed in a small hand press, 
and were sun-dried. They had the following composition t— 

Dust coal too parts. 

Rice meal >1 n 

Water ij ». 

They were extremely soft, and crumbled easily through the fire- 


bars. The folio .ving table gives the details of the tests : — 

Summary of comparative burning tests at Jammu waterworks. 
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During the last six months a number of experiments have been 
made with Ladda coal in the locomotives on certain sections of the 
North-Western Railway. Through the courtesy of the Manager, 
Mr. S. Finney, 1 have been supplied with details of the trials, vihich 
are given in a condensed form in the subjoined table. For purposes 
of comparison the details of trials with Dand6t and Bengal coal are 
also given. 



DiMsuf hcmoHve trials with Ladda, Dand6t and Bengal ceal an the North-Western Railway. 
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The briquettes of Ladda and Dand6t coal used in the trials 
were made in the North-Western Railway Company’s briquette factory 
at Haranpur. 

As far as actual fuel consumption is concerned, Ladda coal, except in 
test No. s, showed up exceedingly well. In every test, except the one 
just mentioned, it was superior to Dandot coal, and in one test it was 
actually considerably superior to Bengal coal. Great trouble was, 
however, experienced in burning the coal properly ow ing to the fragi- 
lity of the briquettes, and this became so accentuated in the final test 
(No. 5), when briquettes made with 8 instead of 6 per cent, of pitch were 
used, that the experiment had to be abandoned before one-ihird of the 
contemplated run had been completed. The engineers who coaducted 
the trials subsequently gave it as their opinion that unless s^me more 
suitable binding agent can be employed Ladda coal is unfit for steam- 
raising purposes in either locomotive or stationary boilers. This severe 
verdict is no doubt justified by the trials, but I am distinctly of the 
opinion that a suitable bond can be found. 1 would draw special atten- 
tion to my No. 9 experiment in the table on page 242 in which a mix- 
ture of 95 per cent, coal and 5 per cent, wheat flour was used. Bulk 
experiments might be made with this bond, and with a composite bond 
of pitch and wheat flour. Again, seeing that briquettes made with 
6 per cent, of pitch were so much superior to those made with 8 per 
cent, of that material, it would be interesting to see if a further improve- 
ment might result from a still further reduction of the percentage of 
pitch. 

Briquetting. 

From its finely divided condition, there is considerable difficulty in 
using Jammu coal in the ordinary fire-grates of steam boilers. It will, 
therefore, probably be found imperative to compress the coal into bri- 
quettes. For this purpose, owing to the small amount of bituminous 
matter and moisture contained in the coal, some binding material will 
be necessary. Such bond should add as little as possible to the already 
high ash content. Probably pitch would be the most suitable bondt 
but unfortunately it is a somewhat expensive one* 

{ ) 
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With the object of utilizing some cheaper mater'^li I have made a 
number of briquetting experiments with different binding aMtt(briaia» 
The coal used was parsed ihrouah a screen with aorrtores inch 
diameter, was then mixed with \h^ Hopd and water added until the 
mixture took the impress of the fingers when squeezed in the hand* 
The paste was then placed in a wooden mou^di and compreation 
applied through a flat piece of wood by blows from a hammer. The 
briquettes were afterwards dried in the sun. The defects in this method 
of maiiufacture are ' — 

(1) The paste was not steam-heated. 

(2) The compression applied was quite insufficient— a pressure 

of about 2 tons per square inch being required. 

The dimensions of the briquettes were 3*^ x 3*^ x A*'. Their 
resistance to an endways compressive strain was determined in the 
testing machine at the Sibpur Engineering College,* and as a result of 
these experiments, 1 am of the opinion that satisfactory briquettes can 
be made from Ladda coal. Before importing briquetting plant, however, 
about 5 tons should be shipped to some makers of briquetting machinery 
for an opinion as to the most suitable bond. 


In the following table, details of the briquetting experiments are 
given 

Details of briquetting experiments. 



• 1 have pleasure in espresring my obligation to the Coflege MtlmrHiea 
and partkulariy to Mr. W. H. EveritLthe Professor in Engiiiewifif, Isr UmOy 
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Details of the brifuetting expertfkents -continued. 
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Washing. 

The quality of the coal night easily aud cheaply be inptoved by 
subjecting it to a washing process. With tie object of ascerlaiiuiig if 
this could be successfully done I made experiments in a roi|gUy«coiih 
structed washer on the trough pcinciple. This machine consisted of a 
wooden trough, 24 feet in length, 8 inches deep, and 8 inches wide* 
At intervals of about 5 feet wooden riffles or partitions, 5 inches 
in height, were fixed in the trough. It was placed in position 
with a slope of about 1 in 15. A stream of coal and water was then 
led into the upper end of the trough, and passed through it, risiog 
huccesMvely over each riffle. At the same time the coal was rsked 
backwards towards the upper end of the trough By this means a 
concentration of the heavy dirt took place behind the riffles, whilst the 
lighter coal passed on out of the trough and was collected over a fine- 
meshed screen. The coal experimented with contained 39*6 per cent, 
of dirt, and this was reduced by the washing to 24 per cent 

It may be remarked that, depending as it does upon the difference 
in the specific gravity of the lumps of coal and dirt, coal washing can 
only be successful when the coal is separated by a screening operation 
into lumps of equal size, of which each size is washed separately. 

!n the above-described experiments unsized coal was used and 
consequently the result achieved — a reduction of the amount of dirt 
by 40 per cent. ^ is by no means an unimportant one. I am, therefore, 
of the opinion that, with careful sizing, Ladda coal might be satis* 
factorily washed in trough washers on a large scale. The troiq^ 
washer is the cheapest in first co^, and simplest of the nttmenous 
types of ooal-washing m ac hin es. 


Coking. 

Whilst in the field 1 made a number of coking experimeuls ^ with 
Ladda coal from E drive. The oven used was roughly coOstmcted of 

a I hew pleosare in eapresiing my ihenkt to Mr. J. Godwlii, the oflkir 
in charge of tlm cost prospecdiif oporstioiw, fur Ids vsledbli rnmimmm im 
cvryhigeat the Mshieg. b ng e otting ^ mod c o k ing ■ Kpwi ms n aiK 
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undressed stone, plastered with mud. The wa«te gases were passed 
through a straight, iron pipe, 32 feet long, cooled externally by running 
water. The coking occupied about three days. Owing to my not 
having time to personally superintend the varying admission of the air- 
supply to the oven, the fire became extinguished before the coking 
was complete. Two experiments were made, the resulting product, 
in both cases, being large lumps of fairly hard, three parts coked 
coal. The condensation products were chiefly water obtained 
from the evaporation and subsequent condensation of the water 
contained in the mud used in plastering the oven-walls. On the top 
of the water floated a skim of light oil. No tar or heavy oils were 
obtained. r • 

In a third experiment, coal dust was placed in a galvanized iron 
pipe, pierced with small holes, which was heated in a furnace. In still 
another experiment, a drum of wrought steel, a sixteenth of an inch 
thick, was substituted for the pipe. 1 he coke obtained from both 
experiments was hard, dense, and grey in colour. Some pieces, 
however, were bright and silvery. 

The conclusion that may be drawn from these experiments is, that 
a serviceable foundry coke can be made from Ladda (E drive) coal. 
Greater heat, however, is required in the coking than is necessary in 
the case of most coking coals. As a consequence, flue ovens, as 
opposed to those of the bee-hive type, would be necessary. 


X. 

THE WORKABLE AREAS AND THE QUANTITY OP 
FUEL AVAILABLE. 

When in the field together, Messrs. Oldham, Hope, and the Writer 
arrived at the conclusion that the existence of a continuous seam of 
coal in the Ladda coal-field, between Jungle gully and Hikroli (in the 
Anji valley), was fairly well proved. At the same time, owing to the 
great variability in the thickness of the coal seam, we did not think 
t hat sufficient evidence had been obtained to enable an authoritative 
opinion as to its workability to be given. In order to decide this 
( ) 
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point we agreed that a number of drivea, not less than 500 m 
length, should be driven in from certain selected points on the ontdro^ 
of the seam. 

On my 8*»cond visit to the Lndd.. o«)i|.Seid, 1 bad an opportunity 
of visiting these drives and making the observa- 
dri^“in\he Udda filwf tions necrssary for the formhig of an 9;:)inion. 

These observations are summarized in tlie 

following table 

Distances between 
which memKured sec- 
tion! at 5 feset intervals 
were taken 

from 90 t(i 320 
from 320 to 435' 
from 70' to 550' 
from o to 32 
from 32' to 145' o o'' 
from 145 to 303' o 9 

from 86' to 350' 3' o" Coal too Impure to be 

workable. 

from 93' to 295' 4 9' I C(»al is in bands with 

i shale between. 
Neglecting the Bgurcs 
for the Santrini kund 
drive. 

From which it can be seen that for 1,329 feet of driving cm the 
coal seam the average tbicknesa of coal was 2 feet 7 inches > a thick* 
ness which may, perhaps, under the circumstances, be cemsidered jait 
workable. 

Although e\ery effort was made to preserve the original dmetioD 
of the drives, yet, on acccnint of the variable strikCf they are most 
tortuous, right an^e bends being frequent. For this reasem great 
difficulty was experienced in fixii^ the ventilating pipes and in getting 
out the coal from the working-face to the surface. 


Average 

thickness of Remarks, 

coal. 

I 1 1 

i 3 
3' o' 

8 ' o I 


Locality and name of 
tunnel. 


Jungle gully. Drive A 1 
Ditto 

jungle gully, Drive E 
Jungle gully, Drive F. 
Ditto 
Ditto • 

Santrdni kund, in the 
Anji valley. 

Nadia, in the Anji val 1 e> 
All dnves 


( 97 ) 
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It will be convenient, for the pnrpose of estimating the quantity of 
fuel available, to divide the coal-fields into the 

Divuion of the coal areas. 

following areas:*-— 

— The Ladda and Sangar Marg coal-fields, 

(1) The area from which coal might be brought to a railway 

with terminus at the foot of the Ladda slope. 

(a) The country south of Sandrdni and Mootal. 

(b) The Ladda slope. 

{c) The Sukhil gully southern slope. 

(2) The area from which coal might be brought to a railway 

aligned along the Anji valley. 

(a) The slope from Siukhil gully to the Anji stream. 

(^) The northern slope of the Anji valley, 

(3) The ground between the Anji valley and Sangar ^farg. 

(4) 'rhe Sangar Marg (Ikni Krool) area. 

{a) The Ikni-Sujlrtpur slope. 

i^) The Sujinpur synclinal. 

(c) The Bugoola synclinal. 

Bn^The Mehowgala field, 

C. —The SirS valley field. 

D. ^The Kdlakdi field. 

E. ^The Lodhra field. 

Considering these areas in the above order : — 

Ladda and Sangar Marg fields. 

The areas from which coal might be brought to a railway with 
terminus at the foot of the Ladda slope. 

fdse -muntry souih vfSnndrdni and A^EaDcavatioos 

M Vae ibetirern 'Sandrdm and Mootal lia^e failed to prove the exis- 
i|moe lef'AiiBarUbktocMdMm. To ihesoutha steady succession of 
the beds overlying the coal measures^ dipping from north-east to aouth- 
lOSAt vtangles of dram;25° ito 45° is aeen for aeveeal miles. It is possible 
mhM Mditig has nepeaited these outcecps, and that at certain points 
the ceai measures may have been brought up within a reasonable 
^dfStanoe from the surface. This conld only be ascmrUdnod by boring 
operations* 

( ) 
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The onljr advantages which wovld attach to the woriliiig of oodl m 
this area would be its closer proximity to marhctSi smi the avoidaiips 
of the inclines or ropeways which will be required for bringing down 
the coal from the mines In the hills. It doeahot appear likely that 
the coal will be found in any better (Aiysical condition than in the hill 
areaSi and the slightly lower anghs of dip would certainly render its 
working no more simple. 

The disadvantages are apparent. The whole of the working would 
be to the djp, necessitating a heavy capital expenditure on deep shafts 
and pumping plant. The output obtainable from any pair of shafts 
i/lPtKild, owing to the comparatively high dip of the seam, be small. 
Under these circumstances 1 consider that it would be dlsttncdy 
inadvisable to incur any expense in the search for coal in this locality. 

(A) The Ladda Between Mootal'and trial trench No. I, the 

coal measures are so much disturbed that the coal could not be prolltabty 
exploited. From the latter point to Karita mill, a horisontal distance 
of about 2i miles, the existence of a probably workable seam of coaI» 
averaging 2 feet 2 tnebes in thickness,' has been fairly well proved. 

The height from trial trench No. 1 to Gully pass is IV643 feet, and 
the fall from the latter point to Kardra milHs sjq feet* The average 
dip <of the seam is 45^ Allowing lor a loos in working of 30 per oont, 
the amount of coal which might be vMracted freuioftiove Arte# dvahioge 
level is, therefore* 

( ia.148 X 1,643 X t3 X 1.414 _ X 559 X 13 X r4t4\ 

s X SS X 6 i X s§ *10 


tens. 

> Calculated from table on page 345. 

* This ctfcutatioo and thoie following In vdtve the fcWowloglect d re 
AxBxCxDxB 

P 

Where- 

A = Horisontal distance in feel. 

B SS Vertical ,. ^ 

C s Thickness of seam ^ 

D SS Co-secant of the angle of dip 
B B Fraction workaUe. 

F m ssssNomber of coble lectin one Ion el oesL 

( s» ) 
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(c) Sukhdl gully y southern slope. — No prospecting work has been 
done in this area. A drive near the bottom of the slope is said to 
have proved coal exceeding 16 feet in thickness. At the top of the 
slope an outcrop of coal 2 feet 6 inches thick is seen, but it is doubtful 
if this is the true coal-seam. Presuming, however, that the seam 
underlies this area and is workable, then the quantity of coal above 
free drainage level, assuming an average thickness of 2 feet 7 inches, 
and a working loss of 30 per cent., would be: — 

6,600 X 2 460 X 13 X 1*414 X 7 ^ ^ o . 

rif 25 X .0 X 6 = 

This estimate includes only the coal lying above the level of Karata 
mill, at the foot of the slope. Should it be found possible to drive 
roads through from the lowest workable point on the Laddh* slope to 
work the deeper-lying cofll on the Sukhil slope, then the above estimate 
would have to be increased by 613,730 tons. 


(2) The area from which coal might be hf ought to a railway aligned 
along the Anjt valley. 

(a) The slope from Sukhdl gully to the Anji stream. — The quality 
of the coal obtained from the long drive at Sanlrini kund is so dis- 
appointing (t\\o samples yielded, respectively, 42 and 62 per cent, of 
ash, although an outcrop sample gave 34 per cent.) that 1 do not think 
this area should be reckoned upon. 

[b) The northern slope of the Anji valley. — Over this ground the 
amount of ash in the samples taken varied from 6*72 to 61*44 per cent. 
As far as quality goes, parts of this area may be considered workable. 
In regard to the conditon of the seam the evidence is not so satisfactory. 
Faulting and frequent contortion of the rocks have taken place. On this 
account it will be prudent to count upon an extraction of only 50 per 
cent, of the seam. The distance along the Anji valley, horizontally, is 
about three miles. The average thickness of the seam may be taken as 
not less than 4 feet, with an average dip of 40®. The average height 
above the stream-bed is probably about 500 feet. On these assump- 
*tions the amount of workable fuel above free drainage level will be 

15,^0 X 500 X 4 ^ I 5x5 
25 X 10 


( 60 ) 


950,400 tons. 



WORKABLE AREAS, BTC. 


m 

r 

Between the Anji stream and PunchAri gully, no roal is exposn 
at the surface. A single drive near the stream-bed fscoved coal, 
ceeding 6 feet in thickness, which, on analysts, >ielded 3^ per cent. Of 
ash. It is possible that the seam may continue ok wodi Die thickness 
and quality as far as Punch jri gully, '/he horizontal distance is about 
7,000 feet and the maximum h<; 3 ght 1,700 feet. 'I he scam has an 
average dip of 45" , and may prudently be presumed to be only 3 teet in 
thickness. Allowing for a working loss of 30 per cent the amount 
of coal available above free drainage level will be — 


7,000 X 1,70 0 X 3 X I 4 H X 7 
2 X 25 X 10 


7cj 6,7I7 tons 


(j) The ground between the Anjt valley and Sangar matg^ 
With two exceptions the analyses of the samples from this area 
arc uniformly bad, the ash \arying from 52 to 80 per cent. The except 
tions refc^rred to «ire the analyses of the samples from the cutting at 
Chcrungha in the Radd nal«s about miles west of AriiAs, which 
yielded from 24 to 34 per cent of ash I do not think, however, that 
the exceptional result from this drive is important, for apart from 
the question of quality, the seam appears to be too inconstant in thick- 
ness to be workable. I have little hesitation, tlierc'fore, in condemning 
the whole area. 


(v) The Sangar Marg (JknfKrool} area, 

(a) The Ikni~bujdnpur The only exposures of coal arc* 

near Ikni at the summit of the hill. Assay results are conflicting: coal 
from a tunnel gave 13 per cent, ash in a sample from a point where the 
seam was feet thick, whilst samples from an outcrop 13 feet thick 
yielded, respectively, 55 and 62 per cent, of ash. 

Between Ikni and Sujdnpur the possible occurrence of a fault 
throwing down a portion of the coal measures is mentioned by Mr. 
La Touche {Records, G, S. A, voL XXI, part 2, p. 66), but I wa^ imable 
to fifld any positive evidence of such, and taking into confidefattot^ 
the thinness and frequent absence of the coal seam in the Sojinpiir 
syncline, I think it most be concluded that the seam is absent over 
this ground. This area, therefore, may be considered unworks)M^ 

( ) 
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(^) The Sujdnpur SynclinaL — Over this ground the seam, 
except in one place, is too thin to be workable. The exception occurs 
at a point near Chakka where the coal is nearly 3 feet thick, and yields 
only 7 per cent, of ash. On either side, however, the coal thins in a 
short distance to 15 inches. ^ 

In the small outlier on the crest of Sangar Marghill at Sarodabir, 
the quality of the coal is too poor, the quantity too smal), and the 
locality too difficult of access for the deposits to have any economic 
value. On general grounds, therefore, this area must be condemned 
as a coal producer. 

(r) The Bugoola SynclinaL — From Brehal as far as Kilamitti 
the quality and thickness of the coal is too variable to afford any hope 
of its being profitably mined. On the southern side of the incline a 
considerable thickness of coal is exposed in several places, but it is 
found that wherever the seam exceeds about 2 feet the quality of the 
coal is inferior. 1 have little hope, therefore, that mining in this area 
would prove to be commercially successful. 

B. -^The Mbhowgala Field. 

In this field the quality of the coal is undoubtedly good. The 
thickness of the seam is, however, extremely variable. The height 
of the outcrop maintains a fairly general level, and practically no coal 
is available above free drainage level. In order to work the coal 
deep shafts and probably heavy pumping would be necessary. Under 
these circumstances I am distinctly of the opinion that mining on an 
extensive scale would not be profitable. 

C. — ThB Sir6 Valley Field. 

This field is the most promising of those on the west of the Chendb. 
The quality of the coal appears to be, on the whole, fairly good. Its 
thickness, as elsewhere, is variable, but may be considered, as a rule, 
workable, seeing that the low dip of the beds to the south would allow 
of free drainage. I do not consider that any reliable estimate of the 
qBaOtifty available can be given, but taking the length of the roi^Uy 
seml-circolar outcrop as one mile, and presumng that the thickness of 
the coot averages s feet, and that a 70 ^er cent, extraction mi^t be 
( *» ) 
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made, the amoant available, within half a mile of the ontcropi wOttMije 
rather more than three-quarters of a million tons. 

The distance of the field from the railwa}> terminiia at 
(40 miles direct, over very difficult country) renders it ^4(jeiBely doidi»h* 
ful whether the profit from the working' of Che coal would ever cefMty 
the capital expended upon th( construction of a railway line. 

D.— The KAlak 6 t Field. 

Although the quar:ty of the coal in this field is marketable, y«t 
its variability in thickness, the disturbed condition of the rocks, the 
necessity for deep shafts and pumping, together w ith the difficulty of 
access, render it impossible to look upon the exploitation of this field 
as a commercial venture i^ith any prospect of success. 


E. — The Lodhra Coal-field. 

The analyses of the samples of coal from this locality vary in amount 
of ash from 59 to 78 per cent.> exclusive of a sample (No. 89), from a 
band of coal 1 foot 6 inches thick, giving 32*3 per cent, of ash, and 
of a sample (No. 90), from a denuded outcrop 8 inches thick, showing 
40*28 per cent. ash. In the face of these facts I am unable to re- 
commend that any capital should be expended in opening up this field* 


Summary of estimates. 

Summarizing 

The amount of coal which might be brought to a railway aligned to 
the foot of the Ladda slope is seen to be 

Tons. 


Probable yield (from A, (1), b) 
Possible yield (from A, (1), c) 
Possible >ield (from Af (i), c) 


795.029 

<I96p3A3 

613.730 

s,iosi4* 


The amount of coal which might be 
along the Anji valley b:— 


brought to a railway Aligned 
Tosa 


Pirobablo yield (from A, (2), b) 
Possible yield (from A, (s), b) 


950400 




t ^ ) 



252 


SIMPSON : JAMMU COAL-FIELDS. 


These estimates include only the coal which might be worked 
from above free drainage level. Should it pay to establish pumping 
and hauling plant, they would be considerably increased. 

XI. 

ECONOMIC ASPECTS OF THE COAL QUESTION. 

Before entering upon the consideration of the above subject it will 
be necessary to consider what the selling value 
of the coal will be. I am of the opinion that 
washed and briquetted Lad da coal will have an 
equal, if not a greater, value than Bengal coal. 

Now at Wazirab^d Station, the junction of the Tawi branch of the 
North Western Railway with the main line, Bengal and Ladda coal 
would enter into competition on equal terms for all places ^rth and 
west of that place. From data which have been supplied by the offi- 
cials of the North Western Railway Company, I have calculated that the 
average cost of Bengal coal delivered at Wazirabad is Rs. 19-11-8 per ton. 
In the following calculations, therefore, 1 propose to estimate the probable 
cost per ton of landing Ladda coal at Wazirabad and, to consider the 
difference between this sum and the amount Rs. 1 91 1 -8 as profit or loss. 

As has been already shown, there are two areas in which coal 
possibly workable at a profit occurs. These areas are — 

(1) The Ladda slope, approached through Tikri and Mootal. 

(2) The Anji valley, approached through Ridssi and the valley of 

the Anji stream. 

For both of these areas the final outlet to existing markets must 
be through the North Western Railway Com- 
tio^^ a^coSiery!** ****** pany’s line connecting Jammu (Tawi) with the 
Company’s main line at Wazirabad. Should it 
be decided to commence the working of coal in only one of these areas, 
undoubtedly the Ladda slope should be chosen, because the cost of 
transport to Tawi from the Anji valley area would exceed the cost of 
transport Jrom the Ladda area to the same place by more than 40 per 
cent.^ The alignment of the Jammu-Kashmir line would, however, 
affect this question. 

( CH ) 
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Presuming, then^ that a colliery is to be establishe^i on the Ladda 
slope, the first point to be decided would be the 

Probable output of coal. ... 

probable output which may be 'counted upon. 
Mr. Hope estimated this at 400 tons a : wl V:h for 300 working days 
would be 120,000 tons per annum This amount is probably some* 
what in excess of the amount which a a' 6"^ gauge railway could 
carry, presuming that 12 trains, with an average load of 27 tons 
(Mr. Wcightman’s estimate could be run daily. Taking into con- 
sideration this fact and the fact that there would probably be difficulty in 
obtaining suitable mining labour, I am inclined to consider Mr. Hope^S 
estimate somewhat high. I propose, therefore, to base my estimates on 
a presumed output of 50,000 tons per annum. 


A.— Estimates for the Ladda Slope. 

Cost of s' 6'' gauge railway from MootaltoTawl 
(Mr Weightman's estimatel .... 
Interest and depreciation on 11 lakhs at ii per cent. 
Working expenses on the carriage of 50,000 tons of 
coal at the rate of 4 pie per maund per mile (Mr. 
Weightman's rate) 

Kammgs on account of ordinary local traffic 
(Mr. Wcighiman’s cslimatc) . • 


Rs. 

31,00,000 

3.05^00 

58.333 

3*83,333 

58.030 


3*07,394 

Cost per Ion for transport of 50,000 tons 
ofcoaltoTawi . • • . .= ^ 6-S-4 

The actual cost per ton for washing coal in a number of European 


plants has been calcdlated to be as follows 

Luhrig washer • • « • • 

Mutton washer ^ 

> modified trough types 

Elliott J 

Trough washer . • • • • 

The greater cost of coal-washing In a trough machine is doe to the 
large amount of labour required. With cheap Indian labour, trough- 
washing would probably be as cheap in working cost as any other 
systemi and there is the additional advanU^ that the capital coat is 
extremely low. No expensive machinery need be imported hem 
Europe, as would be necessary in the case of dke more elabocite 


Cost per ton, 
in pence. 
ro8 


I 

{ 


079 

‘076 

08S 

3'oo 


I Rapotteuffis Kasbnir ReSusy. 



^54 


StMPSON : JAMMU COAL-FIELDS. 


S3^ems of washing. The whole of the construction would not be 
beyond the powers of native carpentry. 

The cost per ton of making Dandot coal briquettes in a plant at 
Haranpur, for an output of 20 tons^ has been estimated to be Rs. 6-*o*o. 

The average cost per ton in a number of European plants briquett- 
ing 100 tons per day has been calculated to be Rs. 2-7-0. 

This latter figure would be increased by the enhanced price of 
pitch in India to Rs, 2-14-0. 

With a plant briquetting about 250 tons per day, the economy 
would be much greater than in a small plant such as that at Haranpnr 
or even in the case of the loo-ton European plants. 

Allowing a margin of one-third over the European cq^t for the 
increased expense of operating a plant in India, the cost per ton of 
washing the coal and manufacturing it into briquettes with pitch should 
not exceed Rs. 4-0-0 (2). 

The cost of mining coal under somewhat similar conditions at 
Dandot Colliery is said to be Rs. 6 per ton. Owing to the softer nature 
of the Ladda coal, probably the actual getting cost would be less than 
at Dandot, but on the other hand the cost for dead work would be much 
greater owing to the more disturbed condition of the seam. Taking 
these facts into consideration, I am inclined to think the mining cost 
per toil would not b3 less than Rs. g-6-0 (i). 

A reduction by 20 per cent, due to the remov^al of the dirt would 
add to the mining cost per ton by Rs. 2-4-0 (3}. 

Esiimate No. I. 

For an outfut of Sogooo ions per annum. 

{Ladda slope.) 

Cost per ton. 

Rt. a. f. 

9 o o » 

400 
340 


064 
060 
6 3 4 

OHO 

23 13 8 

19 II 8 
320 


Mining (1) 

Washing and briquetting (2) • 

Loss by reduction of dirt in coal (3) • • 

Interest and depreciation at 1 1 per cent, on 
capital required for the development of 
the colliery, say, 4 lakhs 
Management and offices • • • . 

Transport to Tawi (4) • . . 

Transport from Tawi to Wakirabad . ’ • 

Selling price at Waairabad • • • 

Loss per ton • • , 


( ^ \ 
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A loss of Rs. 3-2-0 per ton would pve an annual IcsE of Rs. 
which, on a capita) of 35 lakhs, would amount to 4*8 per cent. * 
From a knowledge of the present state of the in\cstigition for the 
alignment of the proposed Jammu-Faahmir P^ailwayi «eere appears to 
be little chance of the route followed passing within reasonable dio* 


tance of the Ladda slope, and co>iSequently no relief in transport rates 
can be hoped for from the building of that railway. 

It has been proposed,. however, to work the coal-line between Mootali 
at the foot of the 1 adda slope, and Tawi by 

Bullock iractu n . ... . * • 

mears of bullock traction, and to utilize the exiiliiig 
C' rt-road between I awi and Udhainpur. 1 he reprehcntatives of a well* 
known engineering firm have visited the neighbourhood and reported 
most favourably upon such a project. Their estimate for suppl3ring the 
rails, wagons, i tc., neces<>ary for a line dcsigni d to carry 300 tons of 
coal per day, amounts to nearly 4! lakhs. Using this estimate, the 
cost of a line worked by I ullock traction and designed to carry a inaEi* 
mum of 250 tors per day would be approximately:— 


Formation betvieeii the esft-rosd st Tikri 
and Mootal, 10 miles st, say, Rs. 40^0 

per mile 

Rails, wagons, plant, etc., for 50 miles # 
Sleepi rs, 2,000 per mile, at Ar. 12 each 
Layinpr rails, at Rs. 500 per mile • 

Ballasting, at Rs. 500 per mite . 

800 bullocks, at Ra. 30 each . • 


Ifs. 


4.00,000 

30 u,oo> 

75.000 

25,000 

25,000 

24/100 


Total cost of line 


s 849/iou 
or say, lakhs. 


i?2. 

Interest and depreciation on Si lakhs, at 11 

per 93»S2o 

Carriage of so/kk> tons of coal, at i pie per 
mannd per mile • • • • « $8,333 

Earnings on aceoufU of ordinary kml traffic 56/’99 


Cost per ton for transport of fftjooo tons 
of <»al from Mootal to Tawi 


s/i7«872 

say, 2 lakhs* 
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Estimate No. fl (Ladda Slope), 

Substituting this amount Rs. 4 for the transport cost in estimate 
No. I, the loss per ton is reduced from Rs. 3-2 o to rather less than 
Re. 1. This, on a capital of 12 ^ lakhs, would give an annual loss of 
4 per cent. 

B.— Estimates for the Anji valley area. 

Following the proposed alignment for the Chenib valley route from 
Jammu to Srinagar, the Anji valley is reached, at a distance of 42J 
miles from Tawi, at a point about one mile west of the nearest coal 
outcrop in the Anji valley. From this point the colliery line would 
follow up the nala, for about two miles, to a point well ^ithin the 
coal area. Using Mr. Weightman's estimated construction rates per 


mile, the cost of this line would be 



Rs. 

30 miles at Rs. 80,000 per mile . 

. 

. 

. = 24,00, 000 

10 „ ,, ,, 1,00,000 ,, ,, • 

. 

. 

. =10,00,000 

2 ^ it it II I* II • 


• 

. = 3 » 75 »ooo 

2 ,, ,, ,, 2,00.000 ,, ,, . 

• 

. 

. = 4,00,000 


4 i. 75 »ooo 


The total capital expenditure on this line would therefore be, say, 
42 lakhs. Using methods of calculation similar to those employed in 
the Ladda estimate, and allowing for a profit on ordinary local traffic 
of Rs. 30/>oo (Mr. Weightman’s estimate), the cost per ton for the 
transport of 50,000 tons from the Anji valley coal-field to Tawi would 
be Rs. 9-1 5-0. 


Estimate No. III. 

For an output of 50,000 tons per annum [Anji valley field). 
Substituting the amount Rs, 9-15-0 for the transport cost per ton in 
Estimate No. I, the loss per ton is seen to be nearly Rs. 7* This would 
yiold a loss of Rs. 3,50,000, which, on a capital of 46 lakhs, would 
give an annual loss of 7*6 per cent. 

< 68 ) 
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The latest aligamcnt for the Jammu-Kashmii railway pate«s 
The propoeed Anji Talwira, a villa{^ Situated on the riglit 

J^mu-KeS^ir liLey * ChciiAb River, and some t%v o miles to 

the west of Pi^ssi* Should thW route be finally 
decided upon, it might be practicable to build a branch line connecting 
the Anji valley coal-field with the main line at TalwAra- On the map 
the direct distance between Talwira and the terminus of the branch 
line is lo miles, bot the total length of line necessary would probably not 
be leas than 13 miles. Besides an expensive crossing of the Chenibi 
the construction cost of a line following the Anji nala would be very 
heavy, not less than 2 lakhs per mile, judging from Mr VVeightman's 
figures for similar constructions. Should such a line be practicable 
it would, however, considerably lower the cost of transport of coal 
between the Anji valley and Tawi. 

Rs. 

13 miles, at Rs. 200,000 ptr mile .... a 26,00,000 

Interest and depreciation on 26 lakhs, at 11 per cent =: 2,80,000 

Carnage of so, 000 tons of coal for 55 miles, at t pie 

per maund per mile ...... s 77>344 

^ , = 3.^»344 

Cost per ton for the transport of 50,000 ions of 
coal from the Anji valey to Jammu 


-3.6i,j44. 
5o,uoo 


Rs.7-4-3 


Estimate No* IV (Anji Valley field.) 

Substitutiug this amount Rs. 7-4-3 for the transport cost in Estimata 
No. Ill, the loss per ton is reduced from Ra7 (nearly) to Rt.4-4. ThtSf 
on a capital of 30 lakhs, would give an annual loss of 7*1 per cent* 
Summary of Estimates. 




Locality. 

j Traction. 1 

- 1 — , 

Estimated Capital. , 

^ Annual loss. 

Ladda 

1 i 

. Steam . . • . 

35 lakhs . ^ 

1 per cenL 

Ladda 

1 

Bullock 

ISjj w • • 1 

4 

Anji valley 

! 

1 Steam, independent line • . 1 

40 , . 

r 6 

Anji valley 

1 Steam, wid Anji nala, and 
. joining the Jammu- Kashmir 
} propo^ line at Talwira , ’ 

30 »» • • 

1 

1 

i 7*1 
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It has been estimated by Mr. Weightmanthat for the working of the 
ordinary traffic (excluding coal traffic) on the Kashmir Railway, nearly 
1 1,000 tons of coal per annum would be required. Even with the assist* 
ance wliich this local market would afford, the working of the Jammu 
coal-fields, under the present circumstances, cannot be considered a 
sound commercial proposition. 


Xll. 

SUGGESTED METHODS OF WORKING. 

There can be no doubt that the working of the Ladda coal will 
be difficult, and will call for the highest technical skill. The reasons 
for this are as follows : — 

(i) The high inclination of the seam. 

(а) The soft and broken character of the rocks. 

(3) The possibility of landslips due to the disturbance of equili- 

brium set up by the extraction of the coal-seam. 

(4) The variability in the quality and thickness of the coal-seam. 

(5) The probably heavy water discharge. 

(б) The presence of fire-damp. 

Under these circumstances it would be advisable, before commenc- 
ing serious work, to procure the servicesof a skilled European mining 
engineer, by wtom the whole of the mining pperations would be laid 
out. By this precaution, initial mistakes, which might have serious 
consequences in the futurCi would be avoided. 

In his report on the Ladda coal-field, Mr. Hope gave a description 
of a proposed method of working the coal. Briefly, this method is as 
follows Taking a hill-slope upon which the coal-seam outcrops^ sites 
for main winnings would be selected 500 feet apart vertically. Each 
winning would consist of a pair of tunnels, 60 feet apart, rising 1 in 
130, and connected for ventilation by cross-drives 100 feet apart. 
When these tunnels. have reached their Unit^ a pair of roads, 350 
feet back from the face of the tunnels, would be driven up on the full 
slope of the seam to within 100 feet outcrop, or the next highest 
vrttiniqg, as the case might be. From these rise-roads pillars would 
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be opened out for a distance of J50 feet on either dde ; mch plkera 
to be worked back in descending order. Whilst these are tfebsg 
worked back a new pair of rises would be put ap Soo feet farther 
back, ready for pillar working an/) estfaction. sly this measHs 
both coal and water would descend by gravity to the mouths of the 
main drifts. 

The method of working, outlined above, is a distinctly practical 
and sound one. i am, however^ inclined to think that it wonld not 
be advisable, from an economic point of view, to delay the working*oiit 
of each section (500 feet K limit) until the pair of roads commanding 
it has reached its furthest limit. In the cate of the longer driven 
this limit might be as much as two miles, or even further. This 
means that at an average rate of three feet per working day, this pair 
of roads, for at least ten years, would produce not more than 3 tons per 
day, and the whole of this time the up-keep of a great length of road* 
way, together isith the expense of a ventilating fan, would have to be 
provided for. It is certain that main roads driven in theccMil wonld be 
very expensive, if not economically impossible to maintain. The coal 
itself, as has been mentioned above, is extremely friable, and pillars 
formed in the seam would undoubtedly speeddy crumble at tbe edges 
and afford but slight support for the roads. At the same time, the 
roof and floor of soft shale would be another source of weakness. 
Taking into consideration these factors, I would recommend that the 
main haulage (intake) and return-air roads should be driven in the 
ironstone shales lying below the coal-seam. From these roads, at 
intervals of, say, 500 feet, pairs of cross-measure drifts would be driven, 
at a slight up-grade, into the coal-seam. These drifts would not be 
more than 50 feet in length, and from each pair an area of the coat* 
seam, measuring 500 feet on both strike and dip, might be entis^ 
worked out, and tbe roof allowed to fall, without damaging ^4be main 
roadai lying securely Wlow in the shales. At the same time the main 
roads would be steadily driven ahead and sucoessive axeas op^ped 
imt in a similar manner. Itvtfrid thus be unnecessary to leave birrfers 
between adjaccsit winniogs. The whole of the seam, except an oat* 
crop barrier of too feet thiclaiess^ might be lemoved. In tUa 
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each winning would become speedily productive, and the cost of driving 
the main roads and of up-keep generally, be defrayed from current 
revenue. The cost of driving these main tunnels should not exceed 
eight rupees per foot, and this, allowing for the expense of the driving 
of the ventilation-holings and the cross-measure drifts, would be a 
constant charge on the coal of about 7 annas per ton, presuming 
that the average thickness of the seam is 2i feet. 

In Europe highly inclined and contorted coal-seams are, as a rule, 
worked on the longwall system. In this method of working no coal 
pillars are formed and left for subsequent extraction, the whole of the 
coal being removed in a continuous face, at one working. The roads 
are maintained through the “ waste** or *'gob** by means of pjjcli-walls 
built of stone obtained from the bands of stone in the coal-seam dr from 
the ripping of the roof in the roads. In some cases stone for packing 
and filling the waste is taken down from the surface. 

I am of the opinion that this method of working might be success- 
fully adopted in the Ladda coal-field. The chief difficulties would lie 
in the varying thickness of the seam and the scarcity of packing 
material. The roads would undoubtedly be difficult to maintain ^in 
those places where the seam is thick. Both methods might easily be 
tried in different areas, and the most successful method adopted 
generally. It is probable that where the seam is thin, longwall work- 
ing would be advantageous. 

The question of ventilation is a most important one, especially so 
considering that fire-damp is given off from the 
In^*"^*^*^**^" *'*^**^' absolutely necessary to maintain 

throughout the workings a current of air suffici- 
ent— -in the words of the English Coal Mines Act^to dilute and render 
harmless noxious gases to such an extent that the working places and 
travelling roads of the mine may be safe for persons working and 
travelling therein. To effect this, artificial, as opposed to natural, ven- 
tilation wdll be necessary. Each main winning will therefore require 
to be ventilated by means of a fan^^preferably of the Capell or Schiele 
tjrpe — driven either by a steam engpne, or by Pelton wheels, or 
txirbines« Ample power to Idrive the latter]) could be t>btaiiied 
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c 

by damming one or more of the numerous mountain streams in 
neighbourhood. 

In regard to lighting, the presence of fire-damp will render impera* 
tive the use of safety lamps throogh«^ui the ^‘>rking(i| lii the hands 
of the natives some simple type of fa nip, ^uch as thoi«c of the Marsaul 
pattern, would probably give the best it^sults. 


I 



APPENDIX. 


Note by Mr. E. L. Hope on the Jammu Coal-fields. 


On this my second visit to the coal-fields 1 was associated with Messrs. 
Oldham and Simpson, of the Geological Survey of India, the idea being, I 
understand, that, having had previous experience in the working of highly inclined 
coal-seams in India, I should advise further as to the best method of working the 
coal. 

2. 1 arrived at Jammu on the 23rd March 1903, and, meeting Mr. Simpson 
between Assan and 'i'halwal on the 28th idem, accompanied him along the coal 
outcrop as far as Bakl on the Chenab. 

From there we returned to meet the Resident in Kashmir at h]|potal on the 
X2th April, being also in company with Mr. Oldham during the latter part of the 
tour. 

I then retraced my steps alone as far as Assan to fix sites for trial headings, 
eventually leaving the coal-field on the 18th April. 

3. This further examination of the outcrop has confirmed the opinion ex- 

pressed in my note, dated 9th December 1902, that a large area of coal exists, but 
as the further trials of the coal and the exploratory headings recommended in my 
first note have not yet been pushed on with, I have very little to add to the re- 
marks r 9 the value of the field and the opening out oi workings made in para- 
graph 4 of the same. • 

4. It seems quite clear, however, from the behaviour of such drifts as have 
been driven, that if coal- working on a large scale is to be undertaken, it will be 
practically impossible to maintain the main roads of the mines in the coal-seam 
itself. Driving in some firmer strata at a distance from the coal and its soft 
shales, and cross-cutting over to the seam at intervals as required will be impera- 
tive. 

The ferruginous shales about 20 to 50 feet below the seam shoulH form a good 
medium in which to drive main intake and return air roads. The expense to be 
incurred in the firse instance would, in my opinion, be more than recouped in the 
reduced cost of maintenance and the lighter timbering required. 

In discussing this matter with Mr. Simpson he pointed out that if such roads 
were driven, they wpuld, being below the coal, be practically uninfluenced by the 
subsidence of roof which would occur during the process of extraction of the coal 
itself, and this being so, such extraction could be taken in hand as soon as the 
circumstances of the seam admitted of it, instead of waiting until the main roads 
of any individual set of workings had reached thw limit, and then working the 
coal back, as 1 had originally suggested. 

With this view 1 quite agree : the advantages are so obvious as to need no 
discussion. 

5. The exploratory headings referred to in paragraph 3 above should now 
be pushed on with. 

{ 14 ) 
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Sites have been selected ms follows 

(a) At Hakroli, under the lands of Assan village ; the Hitcrop Is visljbis is 
the bed of the Anji stream, but to ensere safet)* from floods* tfle slit 
for the mouth has been fixed higher up the Mllslde where excavatloaa 
to find the coal honaon are alftady m pvi^ctgms. 

(&) At Satrani Kund, about half N%y(vea ucafiy) betsre<m Snkhal gully past 
and the Anji stream, llie dtrectitfll of dip of the strata here is about 
N. 4a* B.f but th driff has been set off to go at N. 68^ so aa to 
keep it as far as possible in firm ground. Probably aboul too fast 
dead work may have to be driven before the cod horiaon can be 
struck. Wheti coal is found it should, of course* be followed along 
the strike of the measures. 

(c) At Jungle, below the Jungle drive, at the point originally proposed in 
my first note. 

This drift will also have to pass through some loose ground owing toa surfacs 
slip, but it is not expected that the latter will prove of any great extent. 

Possibly in none of the above headings will any ventilation, other than what 
can be set up b> means of rotary hand fans, be required. It is understood that 
Mr. Godwin will arrange for the necessary plant, whereby the cost of secondary 
headings will be saved. 

6* in my first note 1 recommended short drifts to be put in about 1,000 feet 
apart on the hillside between the Anji stream ard Sukhal gully. Bxcavationa for 
these have been started, but the surface soil is so loose that it is doubtful whether 
they can be put in without consrderable expense. 1 think, thereforet they might 
be abandoned for the present. 

^ I also consider that, as thv continuity of the scam over a fairly large area is 
more or less proved, no more minor explorations are required at present, with the 
exception of a small drift at Nadia, near Aasan, and the excavations to find the 
coal honson about 500 feet above the Anji stream at Thalwal, at both of which 
places it would be advantageous to prove the existence of the coal* could this be 
done without much expenditure. 

Drift " Baoli No. 3," which has just streck good coal, might also go on a few 
feet further. 

What is urgently required now is to test the behaviour of the team* f.e„ to 
ascertain to what extent it thickens and thins, and whether this irregularity will 
militate against its successful working. Valuable information in thse respect 
should be obtainable from the three main exploratory headingi at HahroU* 
Satrani Kond, and Jangle, of which carefully recorded sections should be maiii* 
tained. 


G» 1 . C P. r>io. 313 D. G. Sofvsy.— >344*04,— J, Manna. 
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SECTIONS OF THE LADOA AND LODHRA COALFIELDS* 




PLATE 5. 

Photographed by R. D. Oldham. 

1. Grey sandstones and red clays (Murree). 

2. Nummulitic limestone, shales, and coal seams (Subithu). 

3. Blue-grey limestone (pre-Tertiary). 
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PLATE 6. 

Photographed by R. D. Oldham. 

3. Grey sandstones and red clays (Murree). 

2. Nummulitic limestone, shales, and coal seams (Sub^thu). 
I. Blue-grey limestone (pre-Tertiary). 
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PLATE 7. 

1 Grey sandstones and red clays (Murree). 
a. NummuHtic limestone, shales, and coal seams (Subdthu). 
3. Blue-grey limestone (pre-Tertiary) 
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PLATE 8. 

3. Grey sandstones and red clays (Murree). 

2. Nummulitic limestone, shales, and coal seams (Subithu). 
1. Blue-grey limestone (pre-Tertiary). 

A. The Bugoola synclinal. 

B. The main anticlinal. 

C. The Sarodabar outlier. 




THE EASTERN PORTION OF THE SANGAR MARG COALFIELD JAMMU 




PLATE 9- 

3. Grey sandstones and red clays (Murree). 

2. *N ummulitic limestonCf shales* and coal seams (Subdthu). 
I. Blue«grey limestone (pre-Tertiary). 

E. Drives E. and F. 

J. Jungle drive. 
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